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“Can't Decide? 
Try a Jaycar 
Gift Card 
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32 Piece Precision Driver Set 
High quality set for all those delicate jobs. Tactile handle with 
hardened hex shaft that extends from 140 to 210mm. Ideal 

for model making, electronics etc. 


x 10(D)mm 
XC-4243 


$1255 


XC-4262 


+ Slotted, Phillips, Pozidriv, Torx and Hex 
+ Case size: 157(L) x 100(W) 
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Temperature Controlled Soldering Station 
Ideal station for the advanced hobby user. It features accurate analogue 
temperature adjustment, ceramic element and a lightweight pencil 
that will give you hours 
of fatigue free 
soldering. $9950 
* Power: 48W 
* Temperature range: 

150 - 450°C 
+ Lead-free rated 
+ Size: 150(L) x 115(W) x 92(H)mm 
TS-1564 


Spare pencil & tips available separately 


Make learning electronics fun! A series of construction projects, geared towards 
specific levels of electronics knowledge. From a Police Siren to a Guitar 
Sustain and everything in between. 


* Size: 205 x 275mm 


Short Circuits - 


Volume | 
Acts as an introduction to 
electronics, NO previous 
knowledge of electronics 
is needed. 


Short Circuits - 


Volume II 
Assumes the constructor 
has the basic skills and 
knowledge of electronics. 
It contains over 20 
exciting projects and 
introduces the novice to 
soldering etc. 


+ Softcover - 96 pages 
BJ-8502 


$995 


Also Available 
Short Circuits Book 
and Parts KJ-8502 $39.95 


+ Softcover - 148 pages 
BJ-8504 


$4295 


To order call 1800 022 888 


USB Li-Po Charger 


Charge Li-Po cells from any USB source, 
USB plugpack, laptop or PC. 

+ 3.7V output for a single Li-Po cell 

+ Micro-USB jack 

+ Size: 27(W) x 16(H) 


Arduino Experimenters Kit 
Learn about the exciting new world of Arduino 
with these easy to build projects. From 
flashing an LED to moving things with a servo. 
Complete with instructions, a supporting web 
page and software examples. 


+ No soldering required 


$99 95 eS > 
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USB-Serial Adaptor Module 


Connects to the USB port on your computer and 
acts as a virtual serial port, converting the USB 
signals to either 5V or 3.3V logic level serial data. 


+ Size: 46(W) x 26(D) x 10(H)mm 
XC-4241 
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LeoStick 
A tiny Arduino-compatible board that's so small 
you can plug it straight into your USB port 
without requiring a cable! 
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+ Analogue & digital I/O 

+ User-controllable 
RGB LED 

+ ATmega32u4 MCU 
with 2.5K RAM 
and 32K Flash 

XC-4266 


Also available 
2 LeoStick 
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ae. Shield XC-4268 $7.95 
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REGISTER TODAY 11! 


The Jaycar Rewards pr 
will entitle you to ee, aie 
Point with every dollar Spent* at 
any Jaycar Store* and be rewarded 
with a $25 Rewards Cash Card 
once you reach 500 points, 


Visit 
Www .jaycar.com.au/rewards 


“Conditions appl 
y ply, Company stores i 

Poop transactions in Australia and Now a oe ie Oe 
website for full terms and conditions. sn 


Can’t find the kit you are looking for? 
Try the Jaycar Kit Back Catalogue 
Our central warehouse keeps a quantity of older and 
slow-moving kits that can no longer be held in stores. & 
A list of kits can be found on page 79 of our catalogue y) 
or our website. Just search for “kit back catalogue”. 


Short Circuits - 
Volume Ill 

After building all of the 
described projects, you 
should be able to tackle any 
of the construction projects 
published in the electronics 
magazines. 

* Softcover - 128 pages 
BJ-8505 


$1455 


Savings off original RRP. Limited stock on sale items. 








SILICON 


Gonienis =-ary 


Vol.27, No.1; January 2014 www.siliconchip.com.au 


12 Arduino-Controlled Fuel Injection For Small Engines 
Experiment with electronic fuel-injection for your 4-stroke lawnmower using this 
simple Arduino-based system — by Nenad Stojadinovic 


82 Review: Rigol DS1104Z-S Digital Storage Oscilloscope 
Compact, low-cost 4-channel digital scope boasts advanced features that 
would have cost a fortune not too long ago — by Nicholas Vinen 


86 The Sydney Mini Maker Faire 


We visit the “Mini Maker Faire”, an exhibition of various groups and businesses 
dedicated to people building stuff — by Nicholas Vinen 


Projects To Build 


20 Bass Extender Mk2 For HiFi Systems 


Want more bass from your speakers? The Bass Extender Mk2 can give a big ial 
improvement in bass response for very little outlay — by Nicholas Vinen Bass Extender Mk2 For HiFi 


30 PortaPAL-D: A Powerful, Portable PA System, Pt.2 Syne age ae 


Second article on our new go-anywhere portable PA system shows you how to 
build the PCBs, mount them on two L-shaped aluminium panels and connect 
them together — by John Clarke 


58 Build A LED Party Strobe 


Using high-power LED arrays, it's easy to make a safe party strobe which will 
give a good display yet won't break the bank — by Ross Tester & Nicholas Vinen 


68 Li’l Pulser Mk2: Fixing The Switch-Off Lurch 


A design flaw in our Li’! Pulser Model Train Controller Mk2 means that at switch- 
off, any locomotive(s) on the track can suddenly lurch forward, even if they were 
stationary. Here’s how to fix the problem — by Nicholas Vinen & Leo Simpson 


88 “Tiny Tim” 10W/Channel Stereo Amplifier, Pt.3 


Final article shows how to assemble the unit into the case, complete the wiring 
and do the testing — by Nicholas Vinen & Leo Simpson 


$pecial Columns Scr. Palau 


40 Serviceman’s Log 
A typical day in my working life — by Dave Thompson 


46 Salvage It! 
Wrecking a dead PC power supply for parts — by Bruce Pierson 


76 Circuit Notebook 


(1) Pseudo-Random Timer For A Bird Scarer; (2) Universal Numeric Display 
For Controllers Running Maximite Basic; (3) Door Minder Senses Air Pressure 
And Plays A Tune 


94 Vintage Radio 
Philco Safari: the first transistor portable projection TV set — by lan Batty 
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Publisher's Letter 


Parcel deliveries by octocopter 
may be some time off 


Just as this issue was going to press there was an 
announcement that Amazon.com is working on drones 
for same-day parcel delivery. Just a few days later, there 
was a similar announcement from Australian company 
Zookal which offers a service providing secondhand 
text books to university students. My first reaction to 
the announcements was “Yeah, right! That’s not going 
to happen, any time soon.” 

The basic concept is to use octocopters very similar to those featured in 
our August 2012 issue. Those machines can lift loads of a few kilograms and 
Amazon.com envisions them being used to make quick deliveries within 10 
miles (16km) of their warehouses. And it is perfectly feasible for a drone oc- 
tocopter to make such a journey. It would only need GPS locations for a few 
way-points programmed into it and off it would go. Of course, each time it 
comes back to base, its battery pack would need to be charged, its way-points 
changed and off it would go again. 

But it’s not any lack of technical feasibility which will stop this idea. No, itis 
the sheer number of drones which would be required to even make a fraction of 
the deliveries that would be made on any day from a large-scale on-line retailer. 
For a typical fulfilment centre, it would require many hundreds of drones to 
make even a reasonable dint in the number of deliveries every day. That would 
mean huge numbers of battery packs always being on charge and so on, 

There is also the major problem of making sure that the delivery actually 
gets to the customer and proving it did. How does the customer sign a delivery 
docket? And while Amazon has stated that these drones won’t carry cameras 
because of privacy concerns, you can bet that cameras will need to be used to 
prove that delivery has occurred. 

But those are minor problems compared to the possibility of success. Sup- 
pose it really was practical for parcel delivery. Can you imagine huge numbers 
of these octocopters buzzing around a warehouse, like bees to a hive? And if 
Amazon did it successfully that means that all large courier companies would 
want to get into the act so we would have literally thousands of drones buzzing 
around. If you think that aviation authorities have enough problems with the 
coordination of hundreds or thousands of flights of full-size aircraft over our 
cities, how would they cope with octocopters flying in the same air space? But 
the same problems of flight and route control would also have to be handled 
by the courier companies. 

There is no way that our Civil Aviation Authority or the United States’ Fed- 
eral Aviation Authority is going to let that happen. 

In any case, a drone carrying a single parcel for each round trip does not 
seem like a good concept, logistically. For half the trip it won’t be carrying 
anything. By contrast, any courier vehicle probably carries dozens or even 
hundreds of parcels and has a carefully mapped out course to make the journey 
as efficient as possible. 

Of course, one can well understand the motivation for Amazon or any courier 
company wanting to use the latest technology to provide quick deliveries to 
customers. The huge number of on-line sales from internet retailers now means 
the normal delivery methods are being overwhelmed. Fulfilment companies 
are looking for any method which will give them an edge in improving their 
delivery times. 

No doubt technology will assist deliveries but I don’t think drones are going 
to be a major part of that scenario. It was a nice bit of publicity for Amazon. 
com though. 
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Does your design need high-quality graphic displays, 
connectivity or digital audio at lower cost? 
PIC32MX3/4 microcontrollers deliver more memory and peripherals with less cost 


Low-Cost & High-Performance PIC32MX3/MX4 Series 


Solutions in Connectivity, Graphics, Touch Sensing, Digital Audio and 
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Offered in 64/16 KB, 256/64 KB and 512/128 KB Flash/RAM configurations 


with higher peripheral integration, Microchip's latest PIC32MX3 and MX4 START YOUR DESIGN TODAY! § 
microcontrollers deliver enhanced performance for improving connectivity, 1. GUI development tool & code 
graphic displays, digital audio and general embedded-control applications. library 
In addition to offering more memory options and 105 DMIPS performance, the 2. Digital audio CODECs & smart ( 
latest PIC32MX3/4 microcontrollers achieve the family’s highest integration. phone connectivity software : 
Each new MCU integrates twenty-eight 10-bit ADC channels, as well as up to ) 
five UARTs, two SPI, and two I?C interfaces. Also on-board are two I?S™ CODEC 3. Free protocol stacks & low-cost i 
interfaces for digital audio and a Charge Time Memory Unit (CTMU) to enable development kits i 
capacitive touch sensing. The MX4 family also adds support for Full-Speed Device, www.microchip.com i 





Host, and On-The-Go (OTG) USB. 


Extensive software and development tools provide fast and low-risk development 
for adding graphical user interfaces (GUIs), digital audio and enhanced 
connectivity and control to any design. For flexible connectivity, Microchip 
provides protocol stacks for TCP/IP, USB Device and Host, Bluetooth®, and Wi-Fi®; 
whilst GUI design is simplified with the Graphics Display Designer X and Microchip 
Graphics Library. For digital audio designs, Microchip provides the low-cost 

PIC32 Bluetooth Audio Development Kit in addition to software for sample rate 
conversion (SRC), MP3 and AAC audio CODECs, and connectivity to smart phones PIC32 Bluetooth Audio Development Kit 
or other mobile devices. (DV320032) 
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the Editor are submitted on the condition that Silicon Chip Publications Pty Ltd may edit and has the 
right to reproduce in electronic form and communicate these letters. This also applies to submissions 


to “Ask SILICON CHIP” and “Circuit Notebook”. 


Electric vehicles could 
use super-capacitors 

Regarding your November editorial, 
I agree that most current implementa- 
tions of electric vehicles seem to have 
little to offer the average motorist. If 
you could convince people to drive 
electric cars made of balsa wood and 
plastic film, you could achieve much 
the same pollution reductions with 
similar cars using tiny internal com- 
bustion engines! 

While lithium batteries are a signifi- 
cant improvement over what has gone 
before, they still aren’t really good 
enough. However a possible dark horse 
might be capacitor storage. Capacitors 
are already being used for regenerative 
braking storage in production cars and 
recent developments in nano-scale 
carbon technology suggest that there 
is a very real potential for capacitors to 
completely replace chemical batteries 
for transport use. 

Carbon-based capacitors would 
seem to have some unbeatable ad- 
vantages: low material cost and en- 
vironmental impact, low weight and 
probably most important, a recharge 


Anticlockwise route 
is shorter 

The article on building a GPS 
Tracker in the November 2013 is- 
sue quite correctly states that going 
around Australia in an anticlockwise 
direction is “shorter, as you are driv- 
ing on the left side of the road and 
on the inside of a circle.” 

This is based on the fact that the 
journey around Australia can be 
approximated as travelling around 
a circle, since most of the lefthand 
and righthand bends cancel out 
each other. 

Of course, the next two questions 
that arise from that are how much 
shorter is the distance and does it 
matter? 

To calculate the circumference 
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time comparable to hydrocarbon re- 
fuel times. 

Most service stations currently offer 
a choice of gasoline, diesel and LPG 
bowsers. Perhaps in the future they 
will also offer capacitor recharge. One 
way of doing that would to have their 
own on-site capacitor bank, which 
is continuously “trickle charged” off 
the normal electricity grid. Customers 
would simply “siphon” high-current 
bursts of charge into their own vehi- 
cles’ capacitors. 

You could even imagine tanker 
trucks being replaced by “capacitor 
trucks” if the local power grid wasn’t 
up to the task! (Or even “electricity 
tankers” carrying charged capacitors 
from countries where solar power is 
plentiful). 

Keith Walters, 

Riverstone, NSW. 

Comment: we published an article on 
supercapacitors in cars in our April 
2008 issue. 


Gratten spectrum analyser has 
outstanding frequency accuracy 
Firstly, thanks to SILICON CHIP for the 


of each circle we need to use the 
formula: 

C=2aR 

where 

C = circumference of a circle 

R = radius of a circle 

x = (approximately) 3.1415 

Hence, the difference in the cir- 
cumference of the two circles is equal 
to 2n(R + S) - 2nR = 2x(R+S-R) = 
2nS, where S is the lane separation 
(note that the size of the major radius 
does not matter). 

Most of the journey would be on 
2-lane roads where a generous esti- 
mate of the separation between (the 
centre line of) vehicles would be four 
metres. Hence a quite generous esti- 
mate of the average separation dis- 
tance of the traffic lanes throughout 





review of the Gratten GA4063 spec- 
trum analyser and the GA1484B signal 
generator in the November 2013 issue. 
It was good to see that Jim Rowe gave 
both instruments a thorough workout. 

Asa follow-up, I thought you might 
be interested in the frequency accuracy 
exhibited by the GA4063 Spectrum 
Analyser that we checked in the lab 
a few days ago. The GA4063 one year 
frequency specification is one part in 
2x 10°7 but we beat that by two orders 
of magnitude! Here’s how. 

We tried a frequency adjustment tool 
sent to us by Gratten. The results, in 
our opinion, were quite astonishing! 
(Of course, we are somewhat biased!) 

The set-up we used was the Grat- 
ten GA1484B signal generator on 
external clock that was fed from a 
GPS-disciplined rubidium frequency 
standard. Accuracy is around 1x 10"!!, 
several orders of magnitude better 
than the spectrum analyser’s internal 
10MHz reference. 

We connected the output of the 


the entire journey around Australia 
might be 10 metres. 

Hence, an upper level estimate of 
the difference in distance in driv- 
ing around Australia (or anywhere 
else) in an anti-clockwise direction 
as opposed to a clockwise direction 
would be 2x x 10 metres, which 
equals 63 metres. 

I doubt if anyone would consider 
about 60 metres to be significant in 
any activity involving driving a ve- 
hicle over the distance (via the main- 
land state capitals) of somewhere 
between 14,000km and 15,000km. 

Peter B. Taylor, 

Box Hill North, Vic. 

Comment: you are correct of course, 
although the comment in the article 
was meant to be tongue in cheek. 
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This photo shows the Gratten GA4063 spectrum analyser 
measuring a frequency of 1GHz which was produced by 
a GA148B signal generator locked to a GPS rubidium 
standard. 


GA1484B signal generator to the spectrum analyser’s input 
and fired up the laptop running the adjustment tool. The 
adjustment tool works by sending a calibration constant 
to the spectrum analyser. We needed to lock the GA1484B 
sig-gen to the rubidium standard as both the spectrum 
analyser and signal generator have similar internal refer- 
ence accuracies and we needed the generator to be much 
better than the analyser to get a good test uncertainty ratio. 

The spectrum analyser is normally adjusted with a 
10MHz input signal and we followed Gratten’s procedure 
to get a solid 10MHz on the display. 

We found that at 10MHz the third digit of the cal-constant 
seemed to have the “tuning effect” on the last digit of the 
displayed frequency. The two lesser digits in the constant 
didn’t seem to do much at 10MHz. So we tried an un- 
documented process of setting the generator to 100MHz 
and lo-and-behold the second least significant digit now 
had an effect. So we went to 1GHz. We were amazed but 
by then not surprised when we saw the least significant 
digit of the constant adjusted the least significant digit in 
the 1GHz result. 

So after some tweaking of the cal-constant we ran out 
of adjustment and here’s a picture of the GA4063 using 
its internal reference measuring a frequency of 1GHz. 
The picture says it all — solid zeros indicating a short- 
term stability of one part in 1x 10°9. We are of course now 
interested to see how the GA4063 holds this calibration 
point over the coming months. 

Charles Holtom, 

TRIO Test & Measurement. 

www.triotest.com.au 
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Introducing the new IC-7100 
multi-mode amateur transceiver. 


Featuring an intuitive remote head 
touch screen display, D-STAR 

DV mode communication and 4 
intelligent auto-tuning operation Tom 
with the optional AH-740 antenna. 


HF Antenna 





D-STAR 
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The only way to gain perfect 360° 
surround sound from any device. 


Input Device- CD, DVD, etc. 


“If you are in search of the perfect four channel synthesizer 
this is it! I don’t believe there is anything better! NEO X 
ead Audyssey Wide.....Dolby PL I] XYZABC etc....Meridi- 
an Tri Field....Lexicon Logic 7...they all fall before it.” 


- Dwight 







Read the Review on Quadraphonic Quad forum 

















Amplifier 


New Australian designed and manufactured technology, the Surround Master is a 
stereo to surround sound decoder. World’s best decode of all major formats. INVOLVE 
encode, Dolby PL2, Circle Surround, Ambisonics, Q sound, dummy head recordings, 
EV, QS, RM and all stereo recordings 


“I must say, the Surround Master processing often creates a surround field even 
superior to many DTS-HD MA 5.1 tracks.” 


- John Sunier Read the Review on Audiophile Audition 





(decodes all formats except SQ) 





Surround Master - SQ Editiom.....SM465SQ...sscssssessssssessseessseeseees $495 
(decodes all formats including SQ) 
INVOLVE/ QS Encodert...........0+ SMAGSEN Os cssesssisnceraszsecisossansesasrc $695 


includes full recording license, Outputs to 4/ 5.1 channel formats. 










i 


fi: 33 Malcolm Road, Braeside 
- rt ‘ | nVO ve a U 10 3195, Victoria, Australia 
ANS %, P PH: (03) 8581 7638 


info@involveaudio.com 


www.involveaudio.com 


ELECTRONIC ITS © 


for 
15¥- Rj 0) ol — ah oh ae a 


MICRO ENGINES 


WWW.MICISOENGINES.COM.AU 
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Mailbag: continued 


Energy storage via batteries 
has significant drawbacks 

The Publisher’s Letter in the November 2013 issue on 
hybrid cars raises quite a number of food for thought 
points. As noted there, a vehicle has to carry the fuel that 
powers it. In addition, on the basis that the fuel’s energy is 
not optimally converted to mechanical energy by present 
engines, designers have found a means to bolt on engine 
designs (so-called “hybrid” vehicles) that capture some 
of the otherwise wasted energy and store it, to be used 
at other times. 

But the presently-available means of storage add signifi- 
cant amounts of weight to the vehicle, in turn requiring 
additional energy that must be supplied by the fuel to keep 
the vehicle in motion. The Publisher has said all of that 
much more pithily than I have here. He also mentioned 
the not-insignificant matter of the likely increased risks 
of fire that is present in the use of lithium battery storage 
technology (and the risk of explosion is raised by your 
correspondent Peter Bennet in relation to the same tech- 
nology used in electric drills). 

We could raise the same matters of safety (and environ- 
mental impacts) in relation to the use of renewables for 
electricity generation. As well you know, to use renewables 
in any effective way requires massive amounts of energy 
storage; storage that has yet to be developed, incidentally. 

Even though the weight of the necessary energy stor- 
age technologies do not have to be moved around as in a 
vehicle, there would be the ever-present risk of fire and 
explosions in some of the proposed technologies (eg, 
sodium-sulphur batteries). 

All of this makes a powerful argument to concentrate our 
efforts on improving the efficiency of those technologies 
that provide the energy extraction from the fuel, rather 
than seek to add what I regard as “band-aids” to address 
the present lack of efficiency. 

Paul Miskelly, 

Mittagong, NSW. 


Our protected car industry 
greatly inflates the cost of new cars 

I commend you on your Publisher’s Letter in the De- 
cember 2013 issue, on the topic of government subsidies 
to the car industry. 

I wish to highlight the fact that notwithstanding the tariff 
reductions over the years, it would shock many Australians 
to discover just how ruthlessly they are being exploited in 
relation to car prices in Australia. Only a very small minor- 
ity of Australians are aware that if they went to Japan and 
purchased a new car at full Japanese retail and then paid 
for shipping to Australia, plus all the government charges 
and clearance charges on arrival, that car would be VERY 
much cheaper than an essentially identical imported new 
car in any dealer’s showroom in Australia. 

You don’t believe it? I assure you that this information 
is straight from the mouths of those who know; people in 
senior positions in the retail imported car sector in this 
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country. So why don’t Aussies buy their new cars overseas 
and just import direct? Well, quite simply, they cannot! 

It is illegal to register a car in Australia that was imported 
while it was less than 14 years old. The only exception 
is if you have been living overseas and have owned that 
car for at least 12 months overseas before shipping it back 
with you to Australia. 

The people of New Zealand and their politicians had a 
clear understanding of the insane burden that their local 
car manufacturing system was placing upon them. Their 
solution was not just to shut down their blood-sucking, 
self-serving monster of a local car manufacturing sector. 
That would not have really solved the problem. And make 
no mistake, they did solve the problem, once and for all. 

Well, you may well ask, how did they manage that? 
Simple, really. They allowed importers and individuals 
to conveniently and cost effectively import late model 
cars from abroad. Let'’s face it, very many people will not 
go anywhere near a new car showroom if they can get a 
near new car for a hell of a lot less than a new car costs. 

And the distributors and retailers of new imported cars 
can not get away with overcharging when any private 
individual can import a near new version of your offering 
for much less than you are asking. 

There are people, primarily in some southern states, 
who are railing against the down-sizing of the Australian 
car manufacturing sector (yes, its only a threat of down- 
sizing at the moment, not the obliteration of that sector 
that Australians should have demanded, and gotten, long 
ago). Those same people have never had any sympathy 
whatsoever for the millions of ordinary Australians who 
have been paying through the nose for cars, new and used, 
for many decades. And what an irony many of those peo- 
ples attitudes constitute: supporting the craziest forms of 
corporate welfare. How could we ripped-off car consumers 
have ever had any sympathy for them, let alone continue 
to have any sympathy for them? 

Once again, New Zealand has shown the way. When it 
comes to local car manufacturing, it is long overdue that 
we follow the lead of our friends across the ditch. 

Otto S. Hoolhorst, 

Brisbane, Qld. 


Float charging for car battery 

With reference to the reader’s enquiry headed “Concern 
About Car Battery Drain” in Ask SILICON CHIP (page 99 in 
the September 2013 issue), I am reminded of a similar 
problem I experienced a few years ago. My Toyota Corolla 
does not get used very often, sometimes going a week 
between shopping trips, and consequently the battery 
was losing charge whilst parked. After having starting 
problems a number of times, the battery eventually failed 
prematurely. After fitting a new battery, I investigated the 
parasitic drain on it when the car was not in use. 

The car’s own three parasitic drains (engine control unit, 
radio and clock) only totalled about 10mA but the alarm 
system brought the total drain up to about 50mA. Many 
battery manufacturer's websites recommend not letting the 
battery voltage fall below 12.5V, since sulphation will set 
in below this voltage and thus shorten battery life. Despite 
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Saleae are renowned for their sleek, light- 
weight software and high quality Logic 
Analyser products. The "Logic" model 
provides debugging of 8 digital waveforms 
such as 12C, SPI or general digital IO lines. 
SKU 022-LOGIC 


BEGINNER KIT FOR ARDUINO 


This is a great kit designed for those 
that are new to Arduino and/or 
microcontrollers. Over 100 parts 
included. Tutorials available 

online - just visit our site for links! 
SKU DFRO100 


MICRO USB LI-POLY CHARGER 
=p. This is a tiny little lipo charger, it’s so 
handy you could keep it any project 
a @ box! It’s also easy to use. Supports 
3.7V/4.2V LiPoly and Lilon batteries. 
SKU 1304 


XRF WIRELESS RF RADIO MODULE 
This is one of Ciseco’s flagship wireless - 
modules. Up to 1km range, supports various wi 
frequencies and has an over the air data 
rate of 250Kbps (max 500Kbps). Works out 
of the box - what you send from one XRF 
module appears on all others. sku 005-R001 


DISTRIBUTORS FOR 


adafruit >) -lsROBOT 


RIGOL *™™  s2ieae 
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RIGOL 50MHZ DSO 
The DS1052E caters for all of the features 
that hobbyists would need, including: 
1GSa/s, 50Mhz bandwidth, 64k TFT Vivid 
Color LCD and easy screen capture. 
SKU DS1052E 


ITUIRES 


SENSOR SET FOR ARDUINO 
A handy sensor kit for any hobby 
bench. Kit includes ambient light, 
touch, magnetic, vibration, tilt and 


eae 
Soe 


greyscale sensors (amongst others). . ay 
Code examples are available online. 


SKU DFROO18 


50PK 5MM LEDS 
Perfect for prototyping and projects. A 
total of 50 pieces which includes 10 per 
* COlOUr. SKU 018-04-5MM-LEDS-50PK1 


NEOPIXEL RING - 16X RGB LEDS 


Round and round and round they go! 16 
ultra bright smart LED NeoPixels are 
arranged in a circle with 44.5mm outer 
diameter. The rings are ‘chainable’ 
connect the output pin of one to the input 
pin of another. sku 1463 
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xLogic New in AUSTRALIA 


and NEW ZEALAND 
EASY PLC’s starting from under $50 !!! conditions app 






Economic crisis ? Not with our prices!!! 

















Our Aim: Highest Quality, Lowest Price! 
GOLD finished circuit boards, NXP (former PHILIPS) ARM MO and M3 
processors, 105C rated capacitors; high quality terminals 

12-24V DC or 110-240V AC models, 

Ideal for Electricians, Service (wo) men, OEMs, cars and trucks, 
Home Automation, Hobbyist, Schools, TAFE,... 

GSM, SMS, ETHERNET, MODBUS Master/Slave, 

Analogue Inputs/Outputs, built in RTC, up to 100h backup ! 

Up to 96 DI, 90DO, 44 Al and 18 AO, PWM, up to 60 kHz counters, 
10A rated relays (transistor 0.3A) DIN rail or wall mount 
EASY to program (Function block) LADDER coming soon! 
CE certified, ROHS, all test certificates available on request. 





For the price of our ELC 6 (picture above on left) you hardly even will find a single standard 
timer on the market, BUT we offer 4 inputs, 2* 10A (res. load), 2A (ind. load) relay outputs, 
RTC, 35 different function blocks, Modbus RTU support, you even can connect it to a HMI ! 


FREE SOFTWARE with simulator NO restriction! 
vse WWW.XxlOgic.cOm.au 


Mailbag: continued 


the fact that 50mA doesn’t sound much for a normal car 
battery, investigation showed a fully-charged battery would 
fall to 12.5V in only about three to four days. 

My solution was to keep the battery on float charge 
whenever the car is left standing unused, even just over- 
night. Inow use a small plugpack automatic battery charger 
designed for sealed lead-acid batteries (Jaycar MB-3517). 
This charger checks the battery voltage at short intervals 
and maintains a float voltage of 13.6V. I have had no further 
trouble and expect a long battery life. 

Ross Stell, 

Kogarah, NSW. 


Discrepancy between photos and circuit 

With regard to the GPS Tracker project in the November 
2013 issue, I note that the parts list specifies three 82Q 
resistors and one 47Q resistor. This is confirmed by the 
circuit and PCB layout diagrams. However, the two photos 
show that four 47 resistors are used on the PCB and there 
are none which are 82Q. So which is correct? 

Russell Shepherd, 

Epping, Vic. 
Comment: the circuit is correct and 82Q resistors should be 
used where specified. The values were changed from the 
prototype because we determined that the current which 
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would flow from the relevant microcontroller pins was in 
excess of the rating. Perhaps we should have doctored the 
photos to avoid confusion amongst eagle-eyed readers. 

As an aside, our first batch of the PCBs for this project 
did have three current limiting resistors shown as 47Q but 
this has been corrected in a later batch. 


Diesel-electric loco technology 

With reference to Alan Bothe’s letter on diesel electric 
locomotives (Mailbag, page 6, December 2013), the choices 
the engineers made when they developed the GM/Holden 
Volt answer the question of whether a hybrid car would be 
better if it eliminated the mechanical gearbox and adopted 
the architecture of diesel-electric locomotives, ie, a pet- 
rol engine driving a generator, the power from the latter 
driving an electric motor and it, and it alone, driving the 
wheels. That was what GM wanted to build, if for no other 
reason than to differentiate their car from Toyota’s Prius. 
To be able to say they hadn’t just copied it; they had built 
something better. 

Unfortunately it is a less efficient configuration than 
a gearbox. And they couldn’t meet their highway fuel 
consumption targets. So in the final production version, 
the electric motor drives the car at slow speeds but at 
higher speeds the petrol engine directly drives the wheels. 
Each motor does what it does best. The electric motor’s 
maximum torque at zero revs is used to pull the car away 
from stationary. But on the highway at constant speed, the 
petrol engine is working at its most efficient revs through 
an efficient direct connection to the wheels. 

Using the best electric drive, there would be 4-5% loss 
in the generator, the same again in the controller and 
the same again in the electric motor. By comparison, the 
losses between the flywheel and road are only 11% ina 
conventional front-wheel drive, 14-15% in a rear-wheel 
drive car and 17-19% in a 4WD. And a lot of that is in the 
tyres and differential(s) which an electric motor powered 
car would have anyway. 

Weight isn’t an issue in a locomotive. It needs to be heavy 
to get enough traction to tow a train. An electric drive-train 
capable of 75kW sustained output and bursts of 100kW 
in a car would require a 75kW petrol engine powering a 
75kW generator, a controller that could handle 100kW and 
an electric motor rated at 100kW. Minimum weight and 
cost are a lot more important in a car. 

Engineering things so that the petrol motor and electric 
motor can both send their power to the wheels together 
would mean a hybrid drive of the same performance would 
only require a 75kW petrol engine, a 25kW controller and 
a single unit that could act both as a 25kW motor when 
accelerating and a 25kW generator when braking or charg- 
ing charge the battery. 

Gordon Drennan, 

Burton, SA. 


Refrigerator compressor 
not ideal for a vacuum pump 

With reference to the letter on making a vacuum pump 
(Mailbag, page 100, December 2013), there are some sig- 
nificant problems with making a vacuum pump using a 


siliconchip.com.au 











sealed unit refrigeration compressor. 
Firstly, the vacuum input of the 
sealed unit opens directly into the 
‘dome’ of the sealed unit, so the inte- 
rior of the dome is normally flooded 
with the (cold) gas returning from the 
fridge after cooling the food, and this 
is responsible for cooling the windings 
of the electric motor that drives the 
compressor. When the sealed unit is 
operated as a vacuum pump, all the 
air is extracted from inside the dome, 
and there is nothing left there to cool 
the motor windings, which may burn 
out in fairly short order if the motor 
is left running with a vacuum inside. 
It is feasible to use the sealed unit as 
a vacuum pump for something like a 
solder sucker but either (a) the motor 
should be shut down once the vacuum 
reaches the required low pressure or 
(b) the dome should be flooded with air 
when the vacuum is not required, be- 
tween ‘sucking’ operations. Option (a) 
is going to require a pressure switch to 
stop and start the motor and the motor 
may have to start many times ina short 
period with little or no cooling avail- 
able to it (which is not what they are 
designed for). Option (b) requires some 
extra plumbing to release the vacuum 
after each ‘suck’ and then spend some 
time re-evacuating it before the next 
task, still with inadequate cooling. 
Also, some of the smaller sealed 
units use a PTC thermistor to ‘cut 
out’ the starting winding once the 
compressor has run up to full speed, 
and this thermistor takes several min- 


GPS HUD solves 
speedo accuracy problem 

I read the letter requesting a 
head-up display for pre-OBD cars 
(Ask SILICON CHIP, December 2013, 
page 98) and also the comments in 
your earlier article on HUDs in the 
September 2013 issue, concerning 
“drop outs” and slow start up with 
GPS HUDs. Well, I have fitted a GPS 
HUD to my 1978 Corvette Stingray, 
mainly because the dash lights are 
too dim at night and the speedo is 
predominantly in MPH. 

Problem solved! I plugged it into 
a spare 12V source and hey presto, 
after initially zeroing it once only, 
every time I start the car it’s up and 


utes to cool after each start. If started 
frequently, the motor may not start 
reliably with a hot thermistor and 
again increase the risk of releasing the 
magic blue smoke from the windings 
of the motor and destroying the com- 
pressor unit. 

Lastly, refrigeration compressors 
are designed to pump a significant 
amount of oil around the refrigerator 
system with the refrigerant gas, to 
help seal porous welds etc, and this 
continuous loss of oil when running 
as an open outlet vacuum pump will 
eventually drain the compressor and 
cause a mechanical failure. 

I suspect that the compressor motor 
will have a fairly short and unhappy 
life if it is used as a vacuum pump 


IN STOCK NOW 
DON’T WAIT 7-9 DAYS! 


Check out our 
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running. I checked it against my Tom 
Tom GPS unit and it’s identical. I 
cannot say the same for my original 
cable drive speedo, which was up 
to 5km/h out. 

Thad to face it slightly off centre so 
that it’s not distracting in my line of 
vision but it has never dropped out 
or not operated immediately. This 
quick fix has allowed me to drive 
it at night while I sort out the dash 
lights problem which prevented me 
reading the mechanical speedo. 

Thanks to SILICON CHIP for putting 
the idea in my head with your HUD 
articles previously. 

Ray Preston, 

Hillier, SA. 





and unless the users have a source 
of cheap compressors, they will find 
it an expensive design to run in the 
long term. 

Brian Spencer, 

Seaford, SA. 


Interior door lights 
should be amber-tinted 

I have read your article on LEDs in 
cars (December 2013). I realise that the 
headline stresses interior lights but 
then you go on to change the lights in 
the doors. My understanding has been 
that the orange or amber light in the 
door is to warn approaching traffic that 
there is an obstruction if a door is left 
open. The only car I have ever had with 
door lights, a Toyota Crown, probably 
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LARGE RANGE SWILTRONICS 
& LOW PRICES 


visit www. Wiltronics.com.au 


Ph: (03) 5334 2513 | Email: sales@wiltronics.com.au 
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Mailbag: continued 


Upgrading a drill battery pack 
with Lithium Polymer 

Following on from the September 
2013 article on converting battery 
packs for battery-powered drills, 
etc, I upgraded my much-loved 
GMC 18V unit. Going through the 
Hobby King website, I selected an 
18V/2200mAH pack as being the 
best fit for my GMC housing. The 
housing, as you may observe in the 
picture, is rather tight and structured 
fairly rigidly, so fitting a larger capac- 
ity pack would have been nearly 
impossible. The pack I chose was 
the Turnigy T2200.5S/6589. 

I also purchased the “Genuine” 
IMAXB6 charger/discharger for 
1-6 cells. After receiving the main 
items I then needed to make up 
an adapter lead for charging/dis- 
charging the pack, so I bought the 
connector packs, 606A-606B Nylon 
T-connectors and XT60 Nylon XT60 
connectors. As well, I bought the 
GT-BMON6 battery monitor which 
was only $2.11. 

Next step was to fit it all into the 


in the seventies, had red lights. Maybe 
things have changed. 

One might think that a brighter 
white light would do the job better but 
showing a white light to the rear is a 
no-no. Some years ago I was a volun- 
teer ambulance officer called to a car 
accident. A car towing a caravan had 
broken down and a driver wanting to 
help had positioned his car facing into 
the engine bay, thus showing white 


Flowchart Software = 
Soldering Tools 
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battery pack. I didn’t have any prob- 
lems as discussed in the September 
article as I don’t have a case to pack 
the drill into but the leads seemed 
to want to exit via the front of the 
pack anyway. 

At this stage I haven’t used the 
“battery saver” module and I used a 
3AG 30A fuse and 3AG holder. I’m 
hoping the fuse will blow before 
meltdown occurs should a fault situ- 
ation arise. Compared to the lithium 
cell repack I performed on the other 
pack several years ago, this provides 


lights to the approaching traffic. 

A driver of a truck, about 30 tonnes 
in those days, saw white lights ahead 
of him so lined up to go to the left of 
them. Think about it; that’s how we do 
it normally. By the time he could see 
the real situation it was too late. He 
tried to pull back to pass the parked 
vehicles on his left but wiped out the 
caravan and car, killed two people and 
took the lower leg off another. 


Sy e 
Musical Christmas Star 





amuch cheaper and hopefully more 
reliable option. 

Another good aspect of the up- 
grade is weight. The original lithium 
pack weighs 800g while the new 
pack weighs just 430g. 

Bob Forbes, 

Forest Hill, Vic. 


The fitting of LEDs is a good idea 
but there is more to it than just get- 
ting a brighter light. Some might be 
tempted to follow up with brake and 
tail lights which need to be at different 
brightnesses, another potential death 
trap if not done properly. It would be 
interesting to see what ADR (Austral- 
ian Design Rules) has to say; I suspect 
your door lights might be mentioned 
too. Any change to a motor vehicle 


Walking Robot 
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LED lighting in cars 
may increase road risk 

The LED modifications to car 
interior lighting suggested the De- 
cember 2013 issue of SILICON CHIP 
may increase road risk. You would 
be aware that night (scotopic) vision 
is a function of the rods in the retina. 
The rods are the more sensitive 
receptors to light and movement. 
However, they take up to 30 minutes 
to fully re-polarise after exposure to 
white light. 

They are less receptive to light 
towards the red end of the spectrum. 
Rods do not respond to red light — 
only the cones do — hence the use 
of red light in military night map 
reading situations so that nocturnal 
vision (rod function) is preserved. 

Increasing the intensity and 
spectrum of vehicle interior light- 
ing would result in poorer night 
vision in the immediate period after 
exposure — in particular peripheral 


must be in line with the ADRs. 

Keep up the good work but watch 
out for the traps. 

Graeme Burgin, 

Ararat, Vic. 
Comment: we have never seen amber 
or orange-tinted lenses in the door 
lights for any cars although we undetr- 
stand some cars have green lenses. Nor 
is there any regulation that we know 
of that stipulates that interior door 
lamps should be amber-tinted. We 
have checked Australian Design Rules 
and found no mention of this aspect. 

Perhaps we may have confused 
readers by saying that the interior 
lamps looked “orange”. In fact, we 
were referring to normal small incan- 
descent lamps which actually do look 
“orange” by comparison to white LEDs. 

They are “white” by the definition 
you are referring to and they are fitted 
as standard equipment in the doors 
of many cars. We really do not think 
that any driver seeing the low-powered 
light in an open car door could ever 


movement awareness would be com- 
promised. 

Henry Berenson, 

via email. 

Comment: we agree that the interior 
lighting should not be too bright and 
have said as much in the article. 
In any case, one should not drive 
with any of the interior lights on so 
there should be no increased driving 
hazard. Also we think the problem is 
fairly minor, relative to the fact that 
all drivers are now being subjected to 
intense white light from on-coming 
headlights which can be halogen, 
high-intensity discharge (HID) or 
white LED. The situation is worse 
when some cars have their fog lights 
on as well. 

In addition, drivers are subjected 
to the same onslaught via their 
rear-view mirrors, both interior and 
exterior. This is particularly galling 
when so many drivers seem to have 
the lights on high beam. 





confuse them for headlights of an 
oncoming car. 

We should also point out that the 
published photos should not be re- 
garded are as a true colour rendition; 
they merely depict a relative compari- 
son. Our CMYK 4-colour printing does 
not enable us to correctly reproduce 
orange or green. 

On the subject of brake/tail lamps 
and traffic indicator lamps, any at- 
tempt to substitute LED lamps will be 
registered as a fault in the brake light 
circuit in modern cars and the LED ra- 
diation pattern may also mean that the 
brake lamps are less visible when not 
viewed from directly behind the car. 

The same comment applies to at- 
tempted substitutions of LEDs for 
direction indicators, as the switcher 
unit will behave as though it has a 
blown lamp and flash the indicators 
very rapidly. 

It also seems possible that replacing 
the boot lamp in some cars can cause 
problems with the body computer. SC 
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Keep your copies of SILICON CHIP safe, secure 


& always available with these handy binders 
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Helping to put you in Control 
HeatShrink Roll On Sale! 


200 m HeatShrink rolls, 

available in 7 different 

colours & 12 different sizes, 

are being rolled out at an a 


all time low price! Grab 
your roll(s) today, while 
stocks last, no back-order allowed. 

SKU:HSH-201 Price:$22.48+GST 




























Waterproof Digital Temp. Sensor 
The submersible 
sensor is equipped © 
with a DS18S20,1- 
wire temperature 

sensor embedded 

into the probe with 
a 15 m cable and RJ12 connector. It has op 
erating temperature range of -50 to 125 °C 
with £0.5 °C accuracy from -10 to +85 °C. 
SKU:GJS-001 Price:$19.50+GST 


Large Dot Matrix Display 
This 10 cm tall, 5-digit 
can be seen it 50 m 
away: excitation output 
for powering 4 to 20 mA 
transmitters, 2 program- 
mable alarm relays. It 
accepts 4 to 20 mA input 
anal. 24 VDC powered. Setup is done via 
a 


andheld IR remote. 
Price:$599+GST 


SKU:DBI-001 


Price:$62.95+GST 





























Current Transducer 
Split core hall effect current 
transducer presents 4 to 20 mA 
signal representing the DC cur- 
rent flowing through a primary 
conductor. 0 to 50 A primary 
DC current range. 12 VDC 
owered. 
KU:WES-060 





Isolated RS-485 Shield 
Connect your Arduino to an 
RS-485 network with full iso- 
lation. Great for connecting 
to inverters, HVAC, building 
automation units and control 
systems. Suits 3.3 V&5V 
Arduinos. 
SKU:KTA-286 





Price:$59+GST 


GS300B GSM/GPRS Modem 

es canes Bey 

RS quad-band modem, 

900 to 1900 MHz. It uses com / 
standard AT commands 

via a RS-232 serial port, 
allowing computers & con- 

trol systems to connect remotely. 12 VDC 
powered. 

SKU:LEC-120 Price:$349+GST 








LabJack T7 Pro DAQ Module 
The T7-Pro is a multi- 
function DAQ packed with 
high performance 24-bit 
analog inputs, conveni- 
ent WiFi and industrial- 
strength Ethernet. T7 has 
14 built-in analog inputs, 
which can be expand up to 84, 23 digital 
1/0, 10 counters & 2 analog outputs. Free 
software tons to configure, test & 
ic. 


pie Aer 
SKU:LAJ-047 Price: $625+GST 
For OEM/Wholesale prices 
Contact Ocean Controls 






Ph: (03) 9782 588: 
oceancontrols.com.au 
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UC MMeCCuOnmon 
Sinallzensines 


Build a fuel injection system for your lawnmower or give yourself 
an advantage at the local kart track. This simple Arduino based 
system will allow you to take control of your small 4-stroke engine 
and wring the maximum amount of power and economy from it. 


T’S TRUE, there seems to be an 

inexorable drift towards electric 
vehicles and machinery but small 
petrol engines are still very much in 
evidence and look to be around for a 
long time yet. There have been some 
moves to make them more efficient and 
less polluting but the fact remains that 
as automotive engines and industrial 
processes improve, small engines rise 
in relative significance as a source of 
harmful emissions. 
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Part of the problem is that small 
engines generally run on petrol and 
it’s difficult to burn it completely in a 
simple, cheap engine. This means that 
an ability to run on a variety of cleaner 
fuels, especially the renewable variety, 
would go a long way towards solving 
what is becoming a pressing problem. 
What’s stopping us? Mostly it’s the 
carburettor. 

Carburettors are seemingly simple 
devices— after all, how difficult can it 


be to accurately mix a certain percent- 
age of fuel into a stream of air? Unfor- 
tunately, the answer is “very difficult 
to do mechanically”. 

A carburettor (that is carefully cho- 
sen) for a particular engine is designed 
to operate on a specific fuel and is a 
finely crafted and carefully-balanced 
instrument. In the old days of carburet- 
ted cars, the hot-rod fraternity would 
spend countless hours fussing over 
jets and pumps and compensators, 
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trying to achieve a system that worked 
effectively across the entire rev range. 
The results were not always perfect 
but at least it kept them off the streets 
at night. 

Enter this Arduino-controlled fuel 
injection system. It’s a simple and 
very cheap design that will allow you 
to tune your engine in any way you 
want, for almost any fuel. The proto- 
type that is the subject of this article, 
for example, is designed to burn LPG 
but could have just as easily run on 
natural gas (CNG), hydrogen, butane 
or pretty much anything else that fits 
into the category of “flammable gas”. 

Similarly, swapping out the gas in- 
jector and adding a small fuel pump 
and regulator would allow the engine 
to run on any flammable liquid. The 
most popular candidates here are 
members of the alcohol family, such 
as ethanol and butanol. 


Fundamentals 


The original version of this project 
used a petrol fuel-injector from a small 
car. However, this also needed a fuel 
pump and pressure regulator — not 
difficult to organise but the extra parts 
add a surprising amount of expense 
and complication. And so, as is my 
wont, I mulled the design over while 
idly flipping through various manu- 
facturers’ web sites and eventually 
came across the neat little injector 
shown in Fig.6. 

Strictly speaking, this uses a so- 
lenoid valve rather than a conven- 
tional injector, which is a valve and 
spray nozzle in one unit. As such, it’s 
fairly unremarkable, except that it’s 
designed to switch the flow of LPG 
vapour or CNG at speeds to suit an 
internal combustion (IC) engine. 

What’s more, it’s designed to give a 
long service life, unlike a conventional 
gas solenoid which would rapidly 
burn out with such harsh treatment. 

The end result was an injection 
system that was simple and rugged 
and allowed me to use LP gas that 
has an octane rating of about 112 — 
cheap and with huge potential for 
high performance. Or I could set up a 
methane digester and run the engine 
on natural gas... 


Arduino injection 

As mentioned, there is nothing 
particularly difficult about mixing fuel 
into an air-stream unless one tries to 
do it accurately. So how exactly do 
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ARDUINO SHIELD BUS 





A3144 
HALL EFFECT 
SENSOR 


TIP122 


Fig.1: a Freetronics Arduino Shield forms the basis of the design. It accepts 
inputs from a MAP sensor and a Hall effect sensor (triggered by a magnet 
on the flywheel) and drives the fuel injector solenoid via transistor Q1. The 
Arduino Shield also provides a 5V rail to power the sensors. 


electronic fuel-injection systems meter 
precisely the right amount of fuel into 
the intake air? 

At the most basic level, the fuel de- 
livery pressure to an injector is fixed 
and so the amount of fuel injected per 
cycle is simply determined by how 
long the injector opens during that 
cycle — perhaps a couple of millisec- 
onds at idle and a few tens of millisec- 
onds at full power. That’s easy enough 
in theory but the question is, “just how 
many milliseconds”? 

Fortunately, like a lot of things in the 
field of engineering, there’s a simple 
answer to this question. 

Generally speaking, combustion en- 
gineers strive fora “stoichiometric” mix- 
ture, which is where every fuel mol- 
ecule meets up with exactly the right 
number of oxygen molecules in the 
air for a complete chemical reaction 
(ie, complete combustion). Again, the 
concept is easy to understand but the 
quantities need to be measured by 
weight and not volume. 

Determining the weight of a liquid 
fuel flowing through an injector isn’t 
too difficult but determining the mass 
flow rate of a viscous, temperature- 
dependent, highly-elastic gas such as 
air as it passes through an engine isn’t 
so easy. In fact, this problem probably 


made the early pioneers want to throw 
a spanner through a window! 

It should thus come as no surprise 
that, over the years, many different 
ways have been devised to arrive at 
the correct air/fuel ratio. In this case, 
I chose the speed-density method 
which depends on an old friend from 
high school — the perfect gas law: 


PV = nRT 


Just for a change, this is a simple 
equation which states that the air flow- 
ing through a system will try to adjust 
its pressure, volume and temperature 
so that PV/T is equal to a constant. In 
this case, V is the volume of the engine 
cylinder and P & T are the pressure 
and volume of the air in that cylinder. 

It’s also possible to further simplify 
things by assuming that the ambient 
air temperature remains a constant. In 
other words, imagine that it’s always 
a nice sunny day with a temperature 
of about 25°C. 

If you then push the numbers 
around a bit, you’ll soon realise that 
the number of air molecules entering 
the cylinder (that’s the ‘n’ part of the 
equation) is simply proportional to the 
pressure in the cylinder. Easy! 

Thus a cylinder that contains 200mg 
of air molecules at a fairly standard 
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Fig.2: the fuel supply system. It’s basically a gas bottle fitted with a high-pressure 


regulator and a home-built blowtorch with the burner head removed and a fuel 
injector attached instead! These parts are available both new and secondhand at 
very reasonable prices, eg, on-line and from welding shops. Note that a high- 
pressure regulator must be used. A barbecue regulator produces much too low a 
pressure and omitting the regulator altogether will destroy the injector solenoid. 





3 se) = = 3 = ee = eS 
Fig.3: the injector head. Using gas makes life very easy as there are no issues 


with vaporisation and you don’t need a fine high-pressure nozzle to atomise the 
fuel. In this case, the nozzle is a simple 6mm irrigation fitting (available from 
hardware stores) glued in place with JB Weld epoxy. 


atmospheric pressure of 101kPa will 
only contain 100mg at 50kPa. And 
from there you can supply a corre- 
sponding number of molecules of fuel 
by simply programming how long the 
injector stays open per cycle. 
Measuring pressure in the cylin- 
der is done by a Manifold Absolute 
Pressure (MAP) sensor which fairly 
reasonably assumes that the pressure 
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in the intake manifold is the same as 
the pressure in the cylinder — hence 
the ‘M’ part of MAP. 

In practice, of course, things are 
never quite that easy. It’s easy to im- 
agine that an engine operating at a 
wide open throttle (WOT) will fill its 
cylinder with air at full atmospheric 
pressure, that all the exhaust products 
from the previous combustion cycle 





have vacated the premises, and that the 
manifold pressure is exactly the same 
as the cylinder pressure. However, this 
is generally not the case. 

As a result, there is an extra factor 
introduced called “volumetric efficien- 
cy” (VE) which essentially measures 
just how far the engine is straying from 
theoretical predictions. It’s technically 
referred to as a “fudge factor”. 


Maths for real engines 


Finally, we arrive at an equation that 
can eventually be turned into software: 


PulseWidth = AirFuelRatio x MAP x 
VE[RPM] + OpeningDelay 


@ PulseWidth is the length of time 
that the injector is delivering fuel and 
is generally measured in milliseconds. 
@ AirFuelRatio is the desired mass 
air-fuel ratio, with 14.7:1 used as 
standard for petrol and about 15.5:1 
for LPG. 

@ MAP isthe manifold absolute pres- 
sure. In use, it’s normalised so that 
0 is full vacuum and 1 is standard 
atmospheric pressure. 

@ OpeningDelay adds a factor to com- 
pensate for the small delay between 
electronically switching on an injector 
and having it fully open. 

@ VE[RPM] is an array of values that 
estimates just how far the engine devi- 
ates from the calculated air-flow at a 
given RPM. A value of 100 means that 
itis pumping the full theoretically cal- 
culated amount of air, while 0 means 
that the pistons have fallen out or 
that the engine is otherwise dead! VE 
seems to bea bit of a black art amongst 
the tuners but is really just a measure 
of how many air molecules actually 
flowed into the cylinder versus the 
number you were expecting. 

One of the complicating factors with 
VE is that it is highly dependent on the 
engine speed and so it is necessary to 
develop an array of VE values that are 
indexed according to RPM and placed 
in a look-up table. 

Just how much effort is put into a 
VE table is largely governed by the 
engine’s intended use. An engine that 
spends most of its time operating over 
a small range of engine speeds can get 
by with only a rudimentary VE table. 
Conversely, a go-kart engine might 
need a great deal of effort spent with 
a laptop and a dynamometer to come 
up with the required VE for a wide 
range of speeds. 

There are, however, other avenues 
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that the experimenter can follow to 
make the process easier and more 
accurate. These are discussed later in 
the article. 


Engine calculations 

For a test bed, I used an old lawn- 
mower that’s powered by a venerable 
190cc Briggs & Stratton 4-stroke engine 
with a governed operating speed of 
3100 RPM. The following outline of 
the procedure used to establish its 
injection parameters is a good example 
of the process involved for any engine. 

As stated, the Briggs & Stratton en- 
gine is a 4-stroke unit, so the engine 
will take two revolutions to pump 
190cc of air through the cylinder. 
That’s an average of 95cc per rev. Thus 
at 3100 RPM, it will pump a total of: 
95 x 3100 = 294.5 x 10%cc/minute or 
294.5 x 103 cubic metres per minute. 

That’s the volume of air but we want 
the mass, so applying the density of 
air at 1.3kg/m* gives the mass of air 
molecules flowing through the engine 
as 383g/minute. 

The flow rate per minute is useful 
but engineers tend to like the numbers 
per second, so dividing by 60 gives the 
mass of air molecules flowing through 
the engine as 6.38g/s @ 3100 RPM. 

The “fuelling rate” then follows by 
simple division. For a mixture ratio of 
14.7: 1 (ie, petrol), the injector needs 
to pass 0.43g/s and at 15.5:1 (LP gas), 
it must pass 0.41¢/s. Petrol has a den- 
sity of about 600mg (milligrams) per 
cubic centimetre, so 0.43g/s amounts 
to 0.72cc/s. 

There is a bit of a complication in 
that LPG is usually measured as a 
vapour which, according to standard 
tables, has a density of 1.882 x 10°g/cc 
at room temperature and pressure. 

So the volume of gas required is 
(0.41g/s)/(1.882 x 10g/cc) = 218cc/s 
of LPG at 3100 RPM. 

That’s a lot of gas volume for less 
than half a gram of mass per second 
and I was a bit taken aback by the sheer 
quantity. As aresult, I investigated this 
further by simply running the engine 
with a direct feed from the gas regula- 
tor and needle valve (ie, no solenoid). 

Once | had the flow adjusted for full 
throttle operation and the engine had 
settled into a steady roar, I stopped the 
engine and measured the amount of 
gas being fed over timed intervals into 
a balloon. Sure enough, the balloon 
expanded at a rapid clip and meas- 
urement of the resulting gas volume 
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use — there are several on the flywheel. 





Fig.4(b): Hall sensor mounting details. 
The sensor was mounted inside a roll 
of paper that was first spread with 
PVA glue and then wound around a 
screwdriver. Once it was dry, it was 
superglued to an aluminium backing 
plate and the sensor potted in epoxy. 


showed that the engine was consum- 
ing around 600cc every four seconds, 
or about 150cc per second. Dividing 
that result by the calculated value 
gives 150/218 = 0.69, or a VE of 69%. 

You might get a VE that’s close to 
85% for a brand new Honda but 68% 
is not bad for a 30-year-old mower that 
was bargain basement even when new! 


The hardware 


When it came to devising suitable 
hardware, I started with the injector 
and regulator. As can be seen from 
Fig.2, the fuel-flow hardware essen- 
tially consists of only two parts and is 
really just a plumber’s LPG blowtorch 
with the tip removed. 





Fig.4(a): the Hall effect sensor mounting. A hole is drilled in the cowling and 
the sensor is mounted in line with the trigger magnet. Just be careful of magnet 
polarity and check that the sensor is triggered by the magnet that you intend to 





Fig.4(c): side view of the Hall sensor 
assembly. The rolled tube was cut to 
length with a razor blade and a small 
notch cut in the end for the sensor. 


It’s not possible to use a standard 
barbecue regulator as they don’t sup- 
ply enough pressure. However, ad- 
justable high-pressure regulators are 
readily available on eBay for around 
$20, or you can buy really nice ones via 
Aliexpress for around $32. Or you can 
break down and visit a welding supply 
shop and buy one for $60. 

The injector solenoid was ap- 
proximately $20 (from China) and it’s 
important to use one specifically de- 
signed for this type of use (an ordinary 
fuel cut-off solenoid is not suitable for 
the job and will rapidly self-destruct). 
An injector solenoid is also designed 
to run from higher pressures than 
conventional LPG systems and the 


JANUARY 201415 











Fig.5: the MAP sensor tap consists of a 4mm right-angle irrigation fitting that’s 








pushed into a hole drilled in the intake manifold, just behind the carburettor. 


It’s also held in place with JB Weld epoxy. 


manufacturer of the unit I obtained 
recommends a range of 0.8-2.5 bar 
(multiply by 100 for kilopascals). 

I needed a way to mount the injector 
head to the carburettor inlet and Fig.3 
shows the simple system I employed. 
The use of gas allows certain liberties 
(gas won’t re-condense and form pools 
of raw fuel) and so the “high-tech” in- 
jector head is simply a sprinkler fitting 
epoxied into a hole that I drilled into 
the carburettor filter housing. 

Doing it this way means that the 
carburettor is completely unmodified 
and only acts as a throttle body. As a 
result, the carburettor only changes the 
manifold pressure but doesn’t supply 
fuel. Doing it that way has an interest- 
ing side effect in that it allows you to 
switch between gas and, say, ethanol 
by switching off the injector solenoid 
and turning on the liquid fuel tap. 

Lawnmowers don’t have crankshaft 
sensors but they do have magnetos that 
employ flywheel magnets to generate 
spark energy. With a bit of disassembly 
I found that I could trigger a Hall effect 
sensor very nicely from the flywheel 
and that it was very simple to mount 
the Hall sensor to the cooling shroud 
— see Fig.4. 

The final step was fitting a port for 
the MAP sensor and another sprinkler 
fitting was pressed (and epoxied) into 
service. Alternatively, the RC model 
fraternity has this sort of thing well 
covered. For only a few dollars, your 
local model shop can sell you a drill 
and matching tap to fit a standard fuel 
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nipple into the inlet manifold. 

I was a bit concerned about the metal 
swarf that fell into the manifold when 
drilling the hole, so I vacuumed it out 
with a special micro vacuum-cleaner 
that I made by jamming a plastic tube 
into a pre-drilled rubber cork which 
was then pushed into a vacuum- 
cleaner hose (brewing suppliers sell 
rubber corks very cheaply). 

Fig.5 shows the finished manifold 
fitting. 


Electronics hardware 


The electronic circuitry turned out 
to be very simple and it was equally 
easy to build the whole lot onto an 
Arduino prototyping shield from 
Freetronics. 

The Arduino Uno directly drives 
a TIP122 transistor via a 1kQ resis- 
tor which limits current to the base. 
The solenoid is designed to be driven 
directly from 12V and is connected 
between Q1’s collector and the 12V 
supply rail. Q1 operates in open- 
collector mode and switching it on 
simply connects the bottom of the 
solenoid to ground. 

As the solenoid switches off, the 
collapsing magnetic field generates a 
large voltage (ie, back EMF) across Q1. 
This is shunted by diode D1 across 
the injector, to protect the transistor 
from damage. 

Ina similar vein, the two capacitors 
across the supply rail moderate cur- 
rent surges and bypass any high-speed 
transients when the relatively large 


solenoid switches on and off. 

The MPX4250AP MAP sensor is 
commonly used by experimenters and 
will measure both positive and nega- 
tive pressures, which is a real boon 
for turbocharger aficionados. And yes, 
a turbo is most definitely capable of 
increasing the VE to levels that are 
well over unity. 

This MAP sensor is very easy to use, 
as it only requires a 5V supply and 
outputs a voltage that’s proportional to 
absolute pressure. Note, however, that 
the output is referenced to the supply 
voltage and so, to ensure consistency, 
the supply voltage should be accu- 
rately controlled. For experimental 
purposes, it’s not particularly impor- 
tant as there are much larger errors to 
deal with but a mass-produced version 
would have a regulated 5V supply. 

As can be seen from Fig.1, in my 
case the MPX4250AP MAP sensor 
is powered from the Arduino’s on- 
board power supply and its output is 
read by the AO pin which has a 10-bit 
resolution. 

The Hall effect sensor is an A3144 
device that’s intended for use in harsh 
and hot environments. Hall effect 
sensors need a power supply and the 
output is generally open collector so 
they need to be connected to the sup- 
ply rail via a pull-up resistor (in this 
case, 1kQ). In operation, the sensor’s 
output sits at the supply voltage until 
triggered by a magnet, whereupon it 
shorts the bottom of the pull-up resis- 
tor to ground. 

By the way, Hall effect sensors will 
only switch for the correct magnetic 
pole! Applying the wrong pole or ap- 
plying it to the wrong side of the sen- 
sor will have no effect. Also, be aware 
that some sensors do not necessarily 
have the pin-out depicted in the data 
sheet — check it with a magnet once 
it’s all together. 

And really, that’s all there is to it 
except for an optional priming but- 
ton that manually opens the solenoid 
to give a bit of help when starting the 
engine. 


Software 


The software “sketch” (VE_Fuel_In- 
jection.ino) that runs it all is not that 
fancy but it’s good enough for most 
applications. It’s also perfectly good 
enough for extensive experimentation 
and as a base for further development. 

The code is self-explanatory for the 
most part and is based around two sep- 
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arate interrupts. The first is triggered 
by the Hall sensor on each revolution 
of the crankshaft, at which point the 
interrupt service routine activates the 
solenoid and starts the timer that will 
eventually deactivate it. 

Note that the injector triggers on 
every revolution of the flywheel. That’s 
exactly what’s required in a 2-stroke 
engine, because there’s a power stroke 
for each complete turn of the crank- 
shaft. By contrast, 4-stroke engines are 
different because the flywheel rotates 
twice for each firing cycle. This means 
that the injector attached to the old 
Briggs & Stratten engine will inject 
half the required fuel into the manifold 
during the intake cycle and the other 
half during the exhaust cycle (although 
the intake valve will be closed during 
exhaust stroke). 

This may seem wrong but it’s com- 
monly done in engines of all sorts and 
works well, due to the strange elastic 
properties of air as it flows into the 
manifold. It is, of course, possible to 
sense if the engine is on its exhaust or 
intake cycle and trigger the injector 
accordingly but doing so would only 
add complication without gaining 
much reward. 

In addition, the spark-plug also 
fires once per rev — once to ignite the 
mixture and once into a cylinder of 
exhaust gasses. Again, this is common 
practice, even in some car engines. 


Second interrupt 

The second interrupt is based on 
Timer 1, which is a 16-bit timer that 
shuts off the solenoid when it reaches 
a calculated value. Left to its own de- 
vices, Timer 1 counts to 65,535 before 
rolling back over to zero; a process that 
takes 4ms given the processor’s clock 
speed of 16MHz. However, the injec- 
tor can only be driven for 80% of that 
time without overheating (ie, it has an 
80% maximum duty cycle). 

Atan engine speed of 3100RPM, the 
crankshaft interrupts occur at 51.6Hz. 
Rearranging things a bit and doing 
some maths, the Hall effect interrupts 
occur every 19.3ms (1/51.6) and apply- 
ing a safe 60% duty cycle results in the 
injector staying open for around 12ms 
per revolution (19.3 x 0.6). 

Applying a pre-scale of eight to the 
timer gives interrupts every 32ms, so to 
arrive at the required count we simply 
use a proportional part of the timer. 
This is (12 + 32) x 65,535 = 24,576. 

Thus, for the maximum 12ms in- 
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Fig.6: the electronic parts were assembled on a small piece of perforated board 





which plugs into the Freetronics Arduino shield. The injector solenoid is only 
$20 but still has a service life of 5,000,000 cycles. Its operating pressure is stated 
as being 0.8-2.5 bar and it operates directly from a 12V supply. 


jection time, Timer 1 is loaded with 
24,576 and the count reset to zero. 
As soon as it counts up to 24,576, the 
interrupt service routine shuts off the 
injector and then turns off the inter- 
rupt to prevent it from erroneously 
re-triggering. 

This is a very useful way to control 
the injection time because all the injec- 
tion times are calculated by the code as 
a proportion of the maximum, thereby 
making it very simple to alter the fuel 
mixture right across the entire range. 

The VE table in the code is rudi- 
mentary and was based on data from 
a similar engine and then refined with 
results from running the engine in 
question. However, there’s plenty of 
scope for the ardent experimenter to 
add to the VE table. 

Note that if there are many more 
points, it would be much more ef- 
ficient to set up an actual table rather 
than use cumbersome if/else state- 
ments. That said, despite the crudity 
and simplicity of the code, the engine 
runs surprisingly well. 


Running it 

Testing began on the bench and the 
code has liberal amounts of ‘println’ 
to indicate what is going on. 

I used a square-wave signal genera- 
tor to simulate the Hall sensor input 
signal and a frequency of about 52Hz 
corresponds to 3100RPM on the en- 
gine. For practicality, I replaced the 
solenoid with a 12V light bulb. 

A correctly-running processor will 


irackingsDown|Rarts) 


The solenoid and its wiring harness 
can be a bit hard to find. | found them, 
along with the propane regulator, on 
Aliexpress: 


@ Solenoid: Alexele Electric 


@ Matching wiring harness: LGC Gas 
Equipment 


@ Propane (LPG) regulator: BST Tool 


The search engine on the Aliexpress 
website isn’t the best I’ve used, so 
it's easiest to use Google to find the 
supplier, eg: “Aliexress BST Tool”. 





flash the light bulb at the signal gen- 
erator frequency and the atmospheric 
MAP (manifold air pressure) should 
match the running MAP. Applying a 
vacuum to the MAP sensor will then 
result in the running MAP dropping 
and the corrected timer count drop- 
ping with it. You will also see the 
light bulb getting dimmer, as it will 
be receiving shorter pulses. 

If that’s all good, replace the light 
bulb with the solenoid and listen to it 
run. It’s quite nifty actually; it sounds 
quite a lot like the engine it’s fuelling 
and varying the input frequency re- 
sults in a very satisfying vroom — just 
like opening the throttle in your car. 

Once you’ve finished annoying your 
family with this test, it’s time to com- 
ment out the ‘println’ statements and 
do it all for real. If you’re anything like 
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You can measure the gas flow by disconnecting the regulator from the injector 


and feeding it for a timed interval into a balloon. The gas volume can then be 
calculated by dunking the balloon into a container of the water and checking 
how much the water rises. This then lets you work out the volumetric efficiency 


(VE) and set the maximum fuelling rate. 


The actual volume of gas captured 
in the balloon will be reduced due to 
the elasticity of the balloon itself and 
the increased pressure on it when it 
is immersed in water. 

To compensate for this, you could 
calculate the true gas volume by 
measuring the pressure inside the 
balloon with the MPX4250AP MAP 
sensor (connected via a T-piece) and 
using the equation: PV = nRT 
assuming n, R & T are constant for 
this test. Data for the MAP sensor 
is available from www.freescale. 
com/files/sensors/doc/data_sheet/ 
MPX4250A.pdf 

This provides an output against 
pressure graph. In addition, you may 
want to apply compensation due to 
the reduced manifold air pressure in 
the actual engine compared to atmos- 
pheric pressure. 





me, you'll want to simply plug it all 
in to your engine and turn knobs until 
it runs. This is an understandable ap- 
proach but it’s not as easy as it looks 
and to ensure success, you need to 
approach things with a bit more rigour. 

Doing it properly first requires set- 
ting the maximum fuelling rate by 
adjusting the gas regulator pressure. 
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From the previous discussions, the 
maximum amount of fuel is 220cc/s 
of LPG at 3100RPM so it follows that 
over four seconds (say), the injector 
will pass, 880cc of gas. 

Running the signal generator at 
52Hz will simulate the engine running 
at 3100RPM and it is then a simple 
matter of capturing four seconds worth 
of gas in a plastic bag or balloon and 
then determining the volume by dunk- 
ing the balloon into a large measuring 
container partly filled with water and 
checking how much the water level 
rises (there must be sufficient water in 
the container for the galloon to be fully 
immersed). That way, the regulator can 
be adjusted by trial and error. 

After that, it’s a matter of ’giving it 
a whirl”. First plug in the Hall sensor 
and make sure the solenoid clicks as 
you slowly:pull the starter cord. That 
done, prime the engine and yank the 
cord. The engine should start and run. 

A word of warning though — be sure 
to do all testing outdoors and always 
keep a fire extinguisher handy! 


Wrapping up 

For those unaware of it, Megasquirt 
is the gold standard for DIY fuel injec- 
tion and the Megasquirt community 
has developed a fully-fledged system 
that is state of the art — see http://www. 
ms3efi.com/ A quick browse through 
this site will show just how much 





distance there is between their system 
and my humble Arduino model. They 
also offer a well-mapped path to follow 
for further research and development. 

What’s at the top of the list for future 
development? The answer is some sort 
of feedback. Until the advent of elec- 
tronics, feedback consisted mainly of 
some guru peering at spark plugs and 
trying to ascertain just how well the 
engine was running, then adjusting the 
mixture by twiddling the carburettor. 
Nowadays, oxygen sensors are avail- 
able to provide the necessary feedback 
on the combustion process. 

If that sort of thing is in your budget, 
by all means fit one and use it to estab- 
lish and maintain the VE table. Even 
fitting one for initial testing will allow 
you to quickly establish a baseline 
operating table for your particular 
engine — something that a club might 
like to get involved in. 

If you’re not quite so fortunate or 
if you have an engine that runs at a 
constant load for significant times (eg, 
in a pump), you can experiment with 
an exhaust temperature sensor. Simple 
chemistry states that the maximum 
flame temperature in the engine will 
occur when the combustion mixture is 
perfect, so a very cheap thermocouple 
sensor will give you a good indication 
of how well the fuel map is doing. 

Just be aware that running an engine 
too lean will result in a lower exhaust 
temperature but will also result in high 
temperature and pressure shock waves 
in the combustion chamber that will 
rapidly destroy the engine. Also, note 
that the exhaust temperature decreases 
as the engine is loaded (the “missing” 
heat is going into pushing the piston 
and the work involved to drive the 
extra load!). 

You could also try fitting a pot to 
adjust the maximum injector opening 
time. It’s easy enough to adjust the 
mixture by simply changing the needle 
valve setting but a knob (plus perhaps 
an LCD readout) might be more useful. 

The equations that we used don’t 
account for any changes in air tem- 
perature, so it would also be handy to 
be able to tweak the mixture for maxi- 
mum power to take temperature into 
account. This also opens the door for 
a subroutine to automatically compen- 
sate for ambient temperature. 

Finally, the Arduino sketch soft- 
ware, VE_Fuel_Injection.ino, is avail- 
able for download from the SILICON 
CHIP website. SC 
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Bass 
Extender Mk2 





By NICHOLAS VINEN 


Want to get deeper bass out of your loudspeakers? Who doesn’t? 
But what if you could get more bass without spending much 
money? Even better — this Bass Extender can give as much as an 
octave more bass from your speakers! So with good quality tower 
speakers, you could get extended bass response down to 20Hz or 


below! 


LL LOUDSPEAKERS have a 

rapidly falling response below 
a certain frequency which is a basic 
limitation of their design. This is firstly 
a function of the cabinet design but 
is also controlled by the bass driver 
characteristics, such as free-air cone 
resonance and their Thiele-Small 
parameters such as Vas. 

Typically, a large good-quality hifi 
loudspeaker system will be almost flat 
down to somewhere between 30Hz 
and 50Hz (the -3dB point or corner fre- 
quency) and will slope off below that at 
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24dB per octave for a vented enclosure 
(ie, a bass reflex system) and 12dB per 
octave for a sealed enclosure. Smaller 
speakers will have a somewhat higher 
corner frequency of, say, 60-80Hz. 

While a frequency response extend- 
ing down to around 40Hz may seem 
like a good figure, this means that you 
will miss out on the lowest bass octave. 
So you will miss out on the lowest 
fundamental notes from pianos, pipe 
organs, double bass, timpani, tuba — 
the list goes on. In fact, life probably 
wept be worth living. 





Of course, you will still hear the 
harmonics of these notes when they 
are played but that will be but a thin 
shadow of what could have been. 
Seriously though, for a lot of music 
which really does explore the lower 
music registers, the widest possible 
bass response is highly desirable. 

As a point of reference, the lowest 
note on an 88-key piano (AO) tuned 
for A4 at 440Hz has its fundamental at 
just 27.5Hz — below the -3dB point of 
all but the biggest and most expensive 
speakers available! 
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Bass Extender response, vented speaker cabinet, -3dB = 30Hz 





Bass Extender response, sealed speaker cabinet, -3dB = 30Hz 
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Fig.1: this plot shows the simulated vented loudspeaker 
response near its 30Hz -3dB point (green), the frequency 
response of the Bass Extender when it’s active (red) and 
the combination of these two (blue). This shows that 
with the Bass Extender in place and correctly set up, the 
speaker’s frequency response becomes much flatter in 
the deep bass region; in this case, from about 50Hz and 
below. The phase shift introduced is about 60° at 20Hz. 


Now we know that few of our read- 
ers can afford such grandiose loud- 
speakers so our Bass Extender is a very 
worthwhile accessory and by the way, 
since it has a volume control, it can 
also double as a very wide range low- 
distortion stereo preamplifier. 


Principle of operation 

The basic idea is simple — if we 
know the characteristics of the low- 
frequency roll-off of the speakers, we 
can design a filter which increases 
signal amplitude right at the frequency 
where the speaker’s response is drop- 
ping off, thus compensating for this 
loss in sensitivity at low frequencies. 

That assumes that your amplifier 
has sufficient headroom to deliver 
more power at these lower frequencies. 
Generally, this will be the case unless 
some combination of the following is 
true: your speakers are very inefficient, 
your amplifier has a very low power 
output or you play music very loudly. 
If you typically run your amplifier with 
its volume control below the half-way 
point on the volume knob, it’s likely 
that you have sufficient headroom for 
the Bass Extender. 

There is also the issue of “frequency 
doubling”. As we increase the drive 
level to a speaker operating at or 
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below resonance (which is usually 
a frequency near the -3dB point), its 
distortion increases and ultimately, 
the second harmonic can overwhelm 
the fundamental, leading to an appar- 
ent doubling in the frequency being 
reproduced. But unless you have small 
speakers and drive them very hard, 
this is unlikely to be a severe problem. 

Ultimately, of course, the Bass Ex- 
tender cannot turn your little bookshelf 
loudspeakers into giant high-fidelity 
monsters with 15-inch bass drivers but 
it can certainly give you a worthwhile 
improvement in bass response. 

By the way, because the Bass Ex- 
tender can run from a 12V DC supply, 
it’s also suitable for use in car sound 
systems. Mind you, you would then 
have to very careful about how much 
extra bass boost you apply! 


Flattening the response 
Fortunately, the bass roll-off of a 
loudspeaker can be modelled pretty 
accurately, based on two parameters: 
its construction (sealed or vented) 
and its -3dB point. As Neville Thiele 
pointed out in his paper “Loudspeak- 
ers In Vented Boxes”, Proceedings of 
the IRE Australia, 1961 (reprinted in 
Journal of the AES, May & June 1961), 
sealed enclosures tend have an ulti- 





30Hz  40Hz | 60Hz  80Hz 


Fig.2: same plot as Fig.1 but with a simulated response 
for a loudspeaker in a sealed cabinet, also with a -3dB 
point of 30Hz. Its roll-off is not as steep and so the Bass 
Extender boost is more gentle. The achieved response 
is slightly flatter than for a vented enclosure (assuming 
the filter is correctly tuned) but doesn’t extend to quite 
as low a frequency. The phase shift is slightly higher 
and is nearly 90° at 20Hz. 


mate -12dB per octave roll-off while 
vented (bass reflex) speakers have an 
ultimate slope of -24dB per octave. 

Most modern hifi speakers are vent- 
ed because these tend to have a more 
extended bass response. If you are 
unsure what type of system you have, 
check the front and back of the speaker 
for ports; front ports may be hidden 
behind a grille. If your speakers have 
ports, then they are the vented type. 

A-12dB roll-offis the same response 
as a second-order low-pass filter while 
-24dB matches a fourth-order low- 
pass filter. These are shown in green 
on Figs.1 & 2, with the -3dB point at 
30Hz in both instances, typical of a 
medium-sized tower speaker. 

These figures also show the response 
of the filter in the Bass Extender Mk2 
(red) when it is tuned to compensate 
for these specific speaker responses. 
The blue curves show the compen- 
sated response of the speakers. 

As you can see, the improvement in 
flatness is considerable, especially for 
vented enclosures, and is now almost 
completely flat to 20Hz — the small 
dip in the 30-50Hz region being just 
0.25dB. This is inevitable, as the Bass 
Extender’s boost does not perfectly 
cancel out the speaker’s roll-off but it 
comes pretty close. 
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Similarly, for the sealed enclosure, 
the response is now down by less 
than 2dB at 20Hz and is virtually flat 
down to about 23Hz. Either way, this 
is a major improvement for very little 
investment. 

The reason the cancellation isn’t 
quite so good for sealed enclosures is 
that we have to reduce the amount of 
boost we apply to better match their 
more gentle roll-off. Note that in both 
cases, the +3dB point of the filter in 
the Bass Extender is actually slightly 
below the -3dB point of the speaker 
response. This gives optimal flatness 
and is taken into account in the for- 
mulas we give below. 

The Bass Extender Mk2 can be set 
up to suit sealed or vented speakers 
with virtually any corner frequency 
simply by selecting a few key resistor 
values, as described later. By the way, 
simply turning up the bass on the tone 
controls on an amplifier won’t do the 
same job since that usually involves 
boosting frequencies well above the 
-3dB point of the speakers, resulting 
in a ‘lumpy’ response. 


Revised circuit 

This design is based on a similar 
circuit we published in the April 2005 
issue but there are several important 
improvements. First, the audio per- 
formance is a lot better, partly due to 
the use of superior op amps but also 
due to more carefully chosen compo- 
nent values. Distortion and noise are 
an order of magnitude lower and the 
high-frequency distortion especially 
has been reduced. 

We’ve also fitted it into a more at- 
tractive case and provided some exter- 
nally accessible controls — a volume 
knob and a bypass switch. The volume 
knob means you can use it with an 
amplifier that lacks a volume control 
without needing a separate preamp. 
The bypass switch makes it easier to 
determine just how much effect the 
Bass Extender Mk2 has, as you can 
easily compare the sound with and 
without bass boost. 

We have also greatly improved the 
headroom. With the original unit run- 
ning off 12V DC and giving a 10dB 
peak boost, it could only just handle 
a 2V RMS signal without clipping. 
However, some CD/DVD/Blu-ray play- 
ers or DAGs will put out more signal 
than that. 

By contrast, this new unit runs off a 
nominal 15-17V AC plugpack which 
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1 double-sided PCB, code 
01112131, 148 x 80mm 

1 ABS plastic instrument case, 
155 x 86 x 30mm (Altronics 
H0377) 

1 15-17VAC plugpack rated @ 
100mA or more 

1 set front and rear panel labels 

1 10kQ dual-gang logarithmic 
9mm horizontal potentiometer 
(VR1) 

2 2kQ mini horizontal trimpots 
(VR2,VR3) 

1 small knob to suit VR1 

1 4PDT yellow illuminated latching 
pushbutton switch (Altronics 
$1452) (S1) 

1 4PDT green illuminated latching 
pushbutton switch (Altronics 
$1451) (S2) 

2 8-pin DIL IC sockets (optional) 

2 stereo side-by-side PCB-mount 
RCA sockets (Altronics P0213) 

1 PCB-mount DC socket (CON3) 

2 ferrite beads 

4 No.4 x 6mm self-tapping screws 


Semiconductors 
2 LM833 dual op amps (IC 1,IC2) 
1 78L15 +15V regulator (REG1) 


means better performance and more 
headroom — although we have retained 
the option to run it off 12-24V DC, 
which might be required if you want 
to use it in acar, truck, caravan or boat. 
Adjustment trimpots have been add- 
ed which allow the boost frequency to 
be fine-tuned to match the speakers; 
the previous version required resistors 
to be changed and this wasn’t much 
fun if you had to make multiple adjust- 
ments until you got the right effect. 
Overall then, this new Bass Extender 
Mkz2 is a much better proposition and 
can be added to a hifi system without 
degrading the sound quality. 


Circuit description 

The complete circuit diagram for the 
new Bass Extender is shown in Fig.3. 
CON1 is the stereo RCA input con- 
nector. The two halves of the circuit, 
for the left and right channel signals, 
are identical so we’ll describe the left 
channel only. 

A 47kQ resistor provides ground 
bias/loading for the driving equip- 
ment, in case this is necessary. The 


1 79L15 -15V regulator (REG2) 
1 BC327 PNP transistor (Q1) 
1 BC337 NPN transistor (Q2) 
4 1N4004 1A diodes (D1-D4) 


Capacitors 

2 220uF 25V electrolytic 

2 100uF 25V electrolytic 

2 10uF 50V electrolytic 

4 10uF 50V non-polarised (NP) 
electrolytic 

4 470nF MKT 

2 100nF multilayer ceramic 

4 220pF ceramic disc 


Resistors (0.25W, 1%) 

7 47kKQ 2 3.3kQ 

1 22kQ 3 2.2kQ 

4 10kQ 2 100Q 

4 6.8kQ 100 

Plus 8 resistors (X, Y) selected to suit 
speaker roll-off; see text & Table 2 


Changes For DC Power Supply 

(1) Add 3 x 10kQ and 1 x 1kQ 0.25W 
1% resistors 

(2) Add 1 x 100uF 25V capacitor 

(2) Delete REG1, REG2, D2-D4 and 
several passive components (see 
Fig.3) 





signal is then AC-coupled via a 10uF 
non-polarised (NP) capacitor to an 
RC filter consisting of a 6.8kQ series 
resistor with a ferrite bead slipped over 
one of its leads and a 220pF ceramic 
capacitor to ground. This forms a low- 
pass filter with a-3dB point of just over 
100kHz so that any high-frequency 
signals above that do not pass on to 
the following stages. 

Note that the 10uF AC-coupling 
capacitor also forms a high-pass filter 
in combination with its load resistance 
of around 10kQ, which gives a -3dB 
point of 1.6Hz at the low end. 

Following the RF filter, the signal 
passes to volume control potentiome- 
ter VR1 which is shunted by a 10kQ 
resistor. The reason for this is that a 
following filter stage (describe later) 
has a gain of 2.5 and this way, with 
the volume control set to maximum, 
the overall gain through the unit is 
1. That’s because the 6.8kQ RF filter 
resistor forms a divider in combina- 
tion with the 10kQ pot and its parallel 
resistor (ie, 5kQ) and that gives a gain 
of approximately 0.42. 
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FiltermResistomselection 


To select the appropriate filter resistor values, first you need to know the -3dB 
low-frequency roll-off point for your speakers. Usually, this will be in the specifica- 
tions (if you can find them!) but you need to be careful as the quoted frequency 
response isn’t always measured at the -3dB points; in some cases, manufacturers 
use the -6cB points. 

If you don’t have this information, you will either have to measure it or guess. To 
make this measurement, you will need an adjustable-frequency sinewave genera- 
tor, an amplifier and an accurate sound level meter (or a calibrated microphone 
and AC millivoltmeter). This type of measurement was explained in the “How To 
Do Your Own Loudspeaker Measurements” article in the December 2011 issue 
of SILICON CHIP. 


Basically, what you need to do is measure the sound level at a fixed point in front 
of the woofer with a relatively high frequency signal being fed into the amplifier 
(eg, 200Hz), then reduce the frequency until you get a reading that is 3dB lower. 
You can then use that frequency (Fc) in the formula listed below. 

If you have (or can generate) an impedance plot for the speaker, you can also 
use this to estimate the -3dB point. For the most common (vented) type, there 
will usually be two impedance peaks in the bass region. The -3dB point will be at 
the lowest point (dip) between these peaks. 


For sealed speakers, there will be a single peak (the resonance frequency) 


and the -3dB point will be about 10% below this. 


Failing that, use the figures in Table 1 as a rough guide. But we must empha- 
sise that this is only a guide and the actual -3dB point will depend heavily on the 
driver and cabinet design and may also vary slightly between different samples 
of the same speaker. 

Having determined the -3dB point (Fc), use the following formula to determine 
the required total resistance (R) for resistors X & Y: 

R=T+Fe 
where T = 585kQ for vented enclosures and T = 510kQ for sealed enclosures. 
It's then just a matter of determining which two series X & Y resistors add up to 
give a value that’s close to R. 


For example, if Fc = 40Hz then R = 585kQ = 40 = 14.6kQ. In this case, you 
can select Y = 12kQ and X = 2.7kQ (close enough). Or you can use Y = 10kQ 
and X = 4.7kQ. 

Note though that typical 470nF capacitors have a tolerance of +5% at best so 
as long as the total is within a few hundred ohms, that’s good enough. Because 
this is a stereo unit, you will need eight resistors in all, four of each selected value. 

To save time, we have included Table 2 which shows the best resistor values 
to use for common -3dB points. If in doubt as to which values to use, err slightly 
on the side of a higher corner frequency as you can later adjust it down slightly 
using trimpots VR2 & VR3. 








From there, the signal on the wiper 
of the volume pot is AC-coupled to 
the input of op amp IC1a (LM833) via 
another 10uF capacitor. This prevents 
IC1a’s input bias current from flow- 
ing through the pot and causing a DC 
voltage to appear across it. While this 
voltage would be small, it could be 
enough to cause noise or ‘crackling’ 
as the pot is rotated. 

IC1a buffers the signal and provides 
a low driving impedance for the fol- 
lowing filter network which consists 
of two 470nF capacitors, two identical 
pairs of resistors (X & Y) and an adjust- 
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ment trimpot. These resistor pairs have 
been used to overcome the limited 
range of values available in a single 
resistor. As far as the circuit operation 
is concerned, you can consider each 
series pair as a single resistor. 

The signal at the ‘output’ end of 
the filter is now fed to pin 3 of IC2a 
via switch S1c, which is shown in its 
normal operating position. IC 2a is set 
up as a non-inverting gain stage, with 
a gain of 2.5 as mentioned earlier. Its 
output goes both to output connector 
CON2a and to the junction of the two 
470nF capacitors at the output of IC1a 


via one of the XY resistor pairs. This is 
what gives the filter its characteristic 
hump shape (see Fig.1 & Fig.2). 

Trimpot VR2 allows the filter re- 
sponse to be tweaked without having 
to change component values. This is 
necessary because the -3dB point of the 
speakers you are using is unlikely to be 
exactly the same as the manufacturer’s 
specification. Turning VR2 clockwise 
increases its resistance and shifts the 
filter peak lower in frequency while 
increasing its amplitude. 

IC2a’s 3.3kQ feedback resistor is 
shunted with a 220pF capacitor which 
rolls off its frequency response well 
above 20kHz. This lowers its output 
noise and improves stability without 
impacting on the overall frequency 
response in the audio band. The out- 
put signal is AC-coupled to CON2a 
via a 10uF capacitor to remove any 
DC offset picked up in the filter. This 
capacitor also ensures that no damage 
will occur if the output is shorted to a 
DC supply rail. 

Finally, the output is DC biased 
to ground using a 47kQ resistor (in 
case it’s floating), while a 100Q series 
resistor provides some short-circuit 
protection for the op amp and also 
isolates IC2a’s output from the load 
capacitance (eg, cable capacitance) to 
prevent instability. 

Note that while we have specified 
low-noise, low-distortion LM833 op 
amps, others such as the NE5532 and 
OPA2134 are also suitable. 


Bypass function 

When S1c is in its alternative posi- 
tion, IC1’a output is fed directly to 
IC2a’s pin 3 input, bypassing the filter 
network entirely. This switch thus 
provides a bypass function and effec- 
tively allows the Bass Extender Mk2 
to be disabled so that you can check 
whether it is having any audible effect. 

Sib provides the bypass function 
for the righthand channel. Note that 
switch S1 is a 4PDT type — its other 
two poles (Sla & S1d) switch on its 
integral LED (LED1) when the bypass 
function is engaged. This LED is driven 
via a 22kQ current limiting resistor at 
around 1.3mA (ie, 28V + 22kQ). 

The 10kQ resistors connected across 
switches Sib & Sic are shorted out 
during normal operation. These ensure 
that input pins 3 & 5 of IC2 do not go 
open circuit when S1 is switched, 
preventing loud clicks or pops from 
being injected into the audio signal 
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and making A/B comparisons with the 
Bass Extender enabled and disabled 
much easier. 

A note about the use of electrolytic 
capacitors in the signal chain — we 
don’t think that this is a problem 
and this is backed up by our meas- 
urements. However, we have made 
provision on the PCB for 1pF MKT 
capacitors to be installed instead of 
the 10uF electrolytics for those people 
who really want to do so. Besides being 
more linear, MKT capacitors also have 
a longer lifespan than electros but they 
cost more and are harder to get. 


Power supply 

The recommended power supply 
is a 15-17VAC plugpack. The unit 
can also be run off 12-24V DC with 
reduced headroom but the circuit is 
shown configured for an AC supply. 

Diodes D1 & D2 form a half-wave 
rectifier and charge the 220uF filter ca- 
pacitors to around +20V via transistor 
switches Q1 & Q2. These +20V rails are 
then regulated to +15V by 3-terminal 
regulators REG1 and REG2, to power 
the op amps. 

The power switching arrangement 
is rather unusual and consists of PNP 
transistor Q1, NPN transistor Q2, 
switches S2a/S2d & S2b/S2c and two 
6.8kQ base resistors. Basically, the two 
transistors are there to carry the sup- 
ply current and the reason for doing it 
this way is that we are using a second 
4PDT illuminated switch as the power 
switch but these are only rated to carry 
50mA per contact. 

While that’s sufficient current to run 
the unit, the switch-on surge current 
is much higher at over 1A while the 
input filter capacitors charge. Paral- 
leling the switch contacts doesn’t 
help since inevitably, one will make 
contact before the others and carry the 
full surge current. 

So Q1 & Q2 do the actual switching 
and this arrangement also limits the 
inrush current to around 450mA. The 
circuit works as follows: when S2 is 
switched to the on position (as shown 
in Fig.3), it connects the 6.8kQ base 
resistors for Q1 & Q2 to ground. Thus, 
when D1 is forward-biased, Q1’s emit- 
ter is at the full positive supply voltage 
and its base is pulled towards ground 
due to the current flowing through its 
6.8kQ resistor. As a result, PNP transis- 
tor Q1 switches on and so current flows 
from D1 to the 220uF filter capacitor 
across the input of REG1. 
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Woofer Size (Approx.) 








>30cm (>12-inch) 
30cm (12-inch) or 2 x 25cm 
25cm (10-inch) 






(10-inch) 
or 2 x 20cm (8-inch) 








18cm (7-inch) or 2 x 13cm (5-inch) 
16cm (6.5-inch) or 2 x 13cm (5-inch) 
13cm (5-inch) or 2 x 10cm (4-inch) 
10cm (4-inch) 






-3db point 
28Hz 
30Hz 
35Hz 
40Hz 
45Hz 
50Hz 














12kQ 















20cm (8-inch) or 2 x 16cm (6.5-inch) 40-45Hz 
Bookshelf 50-70Hz 







Bookshelf 60-100Hz 


VentedY | Ventedx | SealedY | Sealed X 


1.8kQ 












Cabinet Style 


Tower 


Typical -34B Point. 
(Approx.) 


35-40Hz 


Tower 





Tower 















Bookshelf 55-80Hz 











55Hz 
60Hz 































8.2kQ 2702 
6.8kQ 4700 





























Q2 operates in similar fashion. 
When D2 is forward biased, Q2’s emit- 
ter is pulled to the negative supply rail 
and so this NPN transistor turns on and 
current now flows through D2’s anode 
and charges the 220uF filter capacitor 
at the input of REG2. 

In operation, the 6.8kQ resistors 
limit the transistor base currents to 
around 20V = 6.8kQ = 3mA. Since a 
BC327/337 has a current gain (hFE) of 
about 150 under that condition, this 
means that the collector currents are 
limited to around 3mA x 150 =450mA. 

If power switch S2 is in the alter- 
native position (ie, off), each 6.8kQ 
base resistor is connected back to the 
emitter of its respective transistor. 
This effectively ‘shorts’ out the base/ 
emitter junctions and switches both 
transistors off. In this condition, the 
only current drawn from the supply is 
the leakage current through Q1 & Q2 
which is very low (typically <100nA). 

The 47kQ resistor between the two 
regulator inputs provides a discharge 


4.7kQ 1.5kQ 


4.7kO 3300 











path and prevents this leakage current 
from (very slowly) charging the input 
capacitors. 

The power LED (LED2, inside S2) 
is connected in series with a 2.2kQ 
current-limiting resistor across the 
regulator outputs. Diodes D3 & D4 
prevent the regulator outputs from 
becoming reverse-biased by more 
than about 0.5V during power-up or 
power-down. : 

Note that while you may be able 
to get away with using a cheaper and 
smaller 12VAC plugpack rather than 
the 15-17VAC plugpack specified, 
it’s a bit marginal. If using a 12VAC 
plugpack, you would want to check 
that its actual output under light load 
is at least 13VAC (and ideally higher) 
in order to prevent the regulators 
from entering drop-out. Having said 
that, even if they do, the performance 
should still be quite acceptable. 


DC supply 


Note that one 10kQ resistor and one 
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15-17V AC SUPPLY VERSION 
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Fig.4: follow this layout diagram to build the PCB if you are going to power the unit from a 15-17V AC 
plugpack. Note that there’s provision for the PCB to accept 1»F MKT capacitors instead of the 10pF 
electrolytics if you don't want to use electrolytics in the signal chain (and different MKT capacitor sizes 
are catered for). Resistors X & Y are selected from Table 2, as described in the “Filter Resistor Selection” 


panel. 
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Fig.5: this is the layout diagram to follow if you intend running the unit from a 12-24V DC supply. 
The differences between this and the AC-supply version of Fig.4 mainly involve the power supply 
components at top right plus the current limiting resistors for LED1 & LED2. 
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100uF capacitor (ie, across the 15V 
rail) are not installed when using an 
AC plugpack. In addition, one resistor 
is specified as 0Q. 

For operation from a 12-24V DC 
plugpack (higher being better), the 
components marked in red on the 
circuit must be changed. First, D4 is 
replaced with a wire link, so that the 
negative supply rail of the op amps is 
now connected to the power supply 
ground. Second, the LED current- 
limiting resistors are reduced to give 
sufficient brightness with the lower 
operating voltage. And third, we need 
to adjust the DC input bias for all four 
op amps so that it will be at half sup- 
ply; eg, with an 18V supply, it must 
be at 9V. 

That’s done by fitting two 10kQ 
resistors across the supply rail as a 
voltage divider, along with a 100uF 
filter capacitor to filter any supply 
noise. This capacitor is critical because 
without it, any ripple or noise from 








fablelsjResistoncolourcotes 





the plugpack supply would get into 
the audio path. Modern plugpacks are 
switchmode devices, so there are often 
audible harmonics present. 

Finally, when operating from DC, 
REG1 is linked out since this gives the 
op amps maximum headroom and they 
should have sufficient supply ripple 
rejection to run from an unregulated 
DC rail. 


Construction 


All the parts for the Bass Extender 
Mk2 are mounted on a PCB coded 
01112131 and measuring 148 x 80mm. 
This fits neatly into an ABS plastic 
instrument case measuring 155 x 86 
x 30mm and is secured to the inte- 
gral stand-offs in the case using self- 
tapping screws. 

Figs.4 & 5 show the parts layout 
on the PCB. Follow Fig.4 if you are 
building the AC-powered version. 
Alternatively, follow Fig.5 if building 
the DC-powered version. 





Start the assembly by fitting all the 
resistors, including the eight selected 
for X and Y (see “Filter Resistor Selec- 
tion” panel and Table 2). Note that the 
ferrite beads should be slipped over 
the two 6.8kQ resistor leads before 
soldering them in place. It’s a good 
idea to check each resistor value using 


_a DMM before fitting it. 


Follow with the diode(s) and then 
the two IC sockets. Alternatively, if 
you aren’t using sockets, solder the 
op amp ICs directly to the PCB. Note 
that in either case, the notches/dots 
at one end of the sockets/ICs must go 
towards the top of the PCB. 

The two trimpots can go in next, fol- 
lowed by the transistors and regulators 
(if fitted). Note that the transistors and 
regulators all look the same so be sure 
to check their type numbers carefully 
before installing them. You may need 
to crank their leads out slightly to fit 
the PCB pads. 

The six ceramic capacitors are 
next on the list, followed by the two 
slide switches (S1 & S2). Check that 
the latter are sitting flush against the 
PCB before soldering their pins (it’s a 
good idea to re-check this after lightly 
soldering the first two pins). The DC 
socket, MKT capacitors and electro- 
lytic capacitors can then all go in. 

Take care to ensure that the polar- 
ised electros are all orientated cor- 
rectly. The four non-polarised (NP) 
10uF electrolytics can go in either 
way around. 

The PCB assembly can now be com- 
pleted by fitting the volume pot and 
the stereo RCA sockets. Before fitting 
the latter, they need to be modified. 
As supplied, they are too tall to fit 
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uF Value IEC Code EIA Code 











Value 













470nF 0.47uF 470n 474 
100nF 0.1nF 100n 104 
220pF NA 220p 221 

















O No. Value 4-Band Code (1%) 5-Band Code (1%) 

4 7 47kQ yellow violet orange brown yellow violet black red brown 

Oo 1 22kQ brown black orange brown brown black black red brown 

a) 4 10kQ brown black orange brown brown black black red brown 

Q 4 6.8kQ blue grey red brown blue grey black brown brown 

| 2 3.3kQ Orange orange red brown orange orange black brown brown 
O 3 2.2kQ red red red brown red red black brown brown 

O 2 1002 brown black brown brown brown black black black brown 

a it 02 single black stripe single black stripe 
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Right: rear b 
view of the 
completed unit. 
It’s installed 
between the 
preamp and the 
amplifier. 


into the case so it’s necessary to cut off 
the upper projection with the central 
screw hole. This can be done using a 
rotary cutting tool or a hacksaw but 
make sure you don’t damage the lower 
plastic housing. You can then fit the 
sockets in place, ensuring that they 
are pushed all the way down and are 
parallel with the edge of the PCB. 

The plastic tabs on either side of the 
sockets fit into matching holes in the 
PGB to help hold them in place. 
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Having done that, separate the case 
halves by removing the front and rear 
panels, then fasten the PCB assembly 
to the top half using four No.4 x 6mm 
self-tapping screws. This means that 
when the case is later assembled, the 
PCB hangs upside down off the lid. 


Testing 


If you fitted IC sockets, leave the 
op amps out of circuit for the time 
being. Now for some initial checks: 


BASS EXTENDER MK.2 
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R Output 1, 


DO 





SSA MAAN AGRI PIN SSE ADS AC 


D 


Left: the PCB assembly 
is mounted on the lid of 
the case and is secured 
to integral stand-offs 
using four self-tapping 
SCrews. 


first, make sure that both switches are 
off (push them until they pop out), 
then connect the plugpack supply and 
switch on. 

Next, use a DMM to check the DC 
voltage between pins 4 & 8 of one of the 
IC sockets (or between pin 4 & 8 of one 
of the ICs); you should get a reading 
that’s very close to OV (ie, with power 
switch S2 off). 

Now push the power switch and 
check that both LEDs illuminate. The 


Fig.6: these two 
artworks can be 
copied and used as 
drilling templates 
for the front & rear 
panels. They can 
also be downloaded 
as a PDF file from 
the SILICON CHIP 
website. 





Input | 
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voltage between pins 4 & 8 of the IC 
socket (or IC) should now measure 30V 
DC for an AC supply, or about the same 
as the plugpack output voltage if you 
are using a DC supply. 

Next, if using an AC supply, connect 
the black probe to pin 3 of IC1 and 
measure the voltage at pin 8 (+15V) 
and pin 4 (-15V). For a DC supply, 
check the voltage between pins 3 & 4 
of IC1; you should get a reading almost 
exactly half that between pins 8 & 4. 

Assuming this all checks out OK, 
press S1 (Bypass) in and check that 
its LED switches off, then switch off 
and install the two op amp ICs in 
their sockets. That done, connect the 
unit between a signal source and your 
amplifier (turn the volume down first), 
switch on and verify that undistorted 
audio is passing through the unit, for 
both channels. 

You can now check whether the 
unit is doing its job, ie, extending 
the bass response without introduc- 
ing any dips or peaks in that region. 
If you have a speaker measurement 
set-up, as described in the December 
2011 issue, then you can run this to 
plot the frequency response in the 
20-200Hz region to check this. If not, 
you will have to do it by ear but that’s 
far less precise. 

The simplest test would be to run a 
sinewave frequency sweep and listen 
for any obvious peaks or dips. If there 
is a peak present that goes away with 
the Bass Extender’s defeat switch 
activated, that suggests that you have 
the roll-off frequency set too high. In 
that case, you can turn trimpots VR2 
& VR3 slightly clockwise to decrease 
the frequency of the bass boost and 
re-test the set-up. If necessary, you can 
repeat this procedure until the peak 
disappears. 

If adjusting VR2/VR3 fails to remove 
the peak (even when they are set 
fully clockwise), then you will have to 
change resistors Y and/or X in order 
to decrease the roll-over frequency 
further. Note that it’s easier to do this 
adjustment one channel at a time. 

Conversely, if there’s a dip in the 
response, that suggests that the roll- 
over frequency is too low and if VR2/ 
VR3 are set at minimum (fully anti- 
clockwise), the only option then is to 
change resistors Y and/or X. 


Finishing off 
Once you are happy with the results, 
you can prepare the front and rear pan- 
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ot Bass Extender THD+N vs Frequency, 2V RMS in/out 29/11/13 08:57:54 
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Frequency (Hz) 
Fig.7: total harmonic distortion across the audible frequency range with the 
unit operating in typical conditions. This shows that the unit is suitable for 
use in a hifi system, with distortion below 0.001% over virtually the entire 
frequency range (even with a bandwidth of 80kHz, which is used to show 
the slight rise of distortion with frequency). With the bandwidth limited to 


a more realistic 20kHz, distortion never rises above 0.00065%. 


Featuresreropecitications, 


Power supply 


Signal handling .......0..0.0...cccceeeeeeeees 


Frequency response (bypass mode) 
Boost corner frequency 

Peak boost 

Suitable speaker types 

Gain adjustment 

Total harmonic distortion 
Signal-to-noise ratio 


els. The labels shown in Fig.6 can be 
copied and used as drilling templates 
(or they can be downloaded in PDF 
format from www.siliconchip.com.au 
— free to online subscribers). It’s sim- 
ply a matter of accurately drilling the 
three front panel holes and the five 
rear panel holes. That’s best done by 
first drilling small holes with a pilot 
drill (say 2-3mm) and then carefully 
enlarging them with a tapered reamer. 

Once drilling is complete, de-burr 
the holes and then attach the panel 
labels (the labels can be printed onto 
photographic paper and attached us- 
ing silicone). The case lid can then 
be fitted in position, the front and 





15-17VAC or 12-24V DC @ <100mA 


euboese 3.88V RMS (+14dBu) (AC supply) 


20Hz-20kHz, +0,-0.06dB 
+3dB at 20-100Hz 
approximately +10dB 
bass reflex, sealed 


<0.0005% up to 1kHz (see Fig.7) 
-113dB, unweighted 
Note: measurements taken with 20Hz-20kHz bandwidth, 2V RMS signal and gain = 1. 





rear panels snapped on and the knob 
pushed onto the pot shaft. 

You can now hook the unit up per- 
manently. It should ideally go between 
your input selector/preamplifier and 
power amplifier. If you have an all-in- 
one unit, check if it has preamp-out/ 
preamp-in connections and if so, use 
those. Otherwise you will need to con- 
nect it between your most commonly 
used signal source (eg, CD player) and 
the amplifier. 

Finally, it may be possible to build 
the unit permanently into your stereo 
amplifier and run it from a 15-17VAC 
secondary tap on the mains trans- 
former. SC 
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In the second part of our new go-anywhere Portable PA system, we 
put together all the electronics. There’s a lot to it, but we’ve separ- 
ated out each section to simplify matters. So let’s get stuck into it! 




















s described last month, eS ~ ae z incorrectly sized holes and for 
A« use the CLASSiC-D zy Ga SAE EOD ee Naren roc ieg ™ poor etching. Typically, PCBs 

Amplifier module and supplied in kits or from the 
its matching speaker protector SILICON CHIP shop are excellent 
from the November and De- quality and should not require 
cember 2012 issues, along with any repairs. 
the DC-DC Converter from May 
2013 which allows the CLASSiC- 
D amplifier to run from a 12V 
supply. 

Both the CLASSiC-D Amplifier 
and the speaker protector need to 
be set up for the +35V supply op- 
tion as detailed in their construc- 
tion. But more on this later. 

Firstly, we will describe the 
building of the main PortaPAL-D 
mixer and input PCBs. There are 
three PCBs for these: the largest is 
the main PCB (Mixer and power 
supervision) coded 01111131 and 
measuring 212 x 100mm; the Gui- 
tar and Line Input/Output PCB is 
coded 01111132 and measures 109 
x 35mm and finally the Microphone 
input PCB coded 01111133 and 
measuring 64 x 73mm. 

Check each PCB carefully for 
any problems such as undrilled or 


Microphone input PCB 

We'll start with the smallest 
PCB. Follow the overlay dia- 
gram in Fig.7. The resistors are 
installed first, but note that the 
four 1kQ resistors each have a 
ferrite bead placed over the lead 
at one end. As well as checking 
each resistor against the colour 
code shown last month, measure 
each one with a multimeter to 
verify its value. 

IC1 can be directly soldered 
onto the PCB or mounted using an 
IC socket. Either way, make sure 
it is oriented correctly. Similarly, 
electrolytic capacitors (which can 
be installed next) are also polar- 
ised. For the smaller capacitors, 
where the value is not printed on 
them, the codes were shown in the 
capacitor codes table last month. 
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Microphone 1 Microphone 2 : 


al 





the 
electrolytic 
capacitors. Like IC1, IC2 can be 
either directly mounted onto the 
PCB or using a socket. Be sure to 
orient the socket and IC correctly. 
The 6.35mm jack sockets (CON4 
& CON7) as well as the stereo RCA 
sockets (CON5 & CON6) mount as 
far down onto the PCB as they can 
go before soldering the pins. Finally, 
insert and solder in the 10-way IDC 
connector with the notched section 
toward CON6. 


CON3 comprises a 6-way right- 
angle pin header. Along the longer 
side of the header is a thin plastic 
backing piece behind the pins. 
This needs to be cut off (using side 
cutters) to allow the pins to plug 
into the single in-line socket on the 
main PCB. 

Two PCB-mount XLR female 
connectors (CON1 & CON2) are sol- 
dered onto the PCB. The connectors 
are ultimately secured to the front 
panel with self tapping screws. The 
central hole at the top of the PCB 
under the XLR connectors is for a 
chassis mount earth point. 

This can be a 6.4mm spade ter- 
minal or a crimp eyelet that mounts 
on the rear of the PCB using an M3 
screw and nut with star washers top 
and bottom of the PCB to ensure a 
good earth connection to the PCB 
copper. 


Mixer and power 
supervision PCB 


This PCB overlay is shown in 
Fig.8. Construction follows the same 
pattern: resistors first, followed by 
the diodes. There are three types 
used; 1N4148s, a 1N4004 and a 
1N5404. Make sure these are inserted 
in their correct positions and with 
the correct orientation. 

Two PC stakes are used on the PC 
board. One is for TP GND and the 
other for the GND pin between VR4 


and VR5. The remaining test points 
Ss 
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Guitar and line input 
and output PCB 

Like the first board, construction 
can begin with all resistors and capac- 
itors. Again, take care with polarity of 





CHARGER SUPPLY | CHARGER] BATTERY 
LOOP IN & GUT OUTPUT 


do not use PC stakes - their tinned 
pads on the PCB can be probed with 
an oscilloscope probe or meter lead if 
necessary. 

ICs can be installed now — again, 
sockets are optional but watch polar- 
ity (and position!). Capacitors follow 
(watch polarity on electrolytic types) 
and refer to the capacitor table last 
month if in doubt. 

The two fuse clips each have an end 
stop to prevent the fuse sliding out. In- 
stall each clip with the end stop facing 
to the outside. 

Transistors are installed as shown. 
These are all BC337 types. LEDs are 
mounted by bending the leads at right 
angles at 15mm back from the body of 
the LED. The LEDs are to face forward 
with the anode (longer lead) to the left. 
The two outer LEDs are red while the 
middle LED is green. 

Inductor L1 is wound on a 28 x 14 
x 11mm iron powdered toroid with 24 
turns of 1mm enamelled copper wire. 
After winding, the enamel needs to be 
scraped off the wire ends so that it can 
be soldered to the PCB. 

The four relays can now be installed, 
along with the vertical RCA socket 
(CONS9), the 6-way SIL socket (CON1) 
and the 10-way IDC connector (CON10). 
The latter needs to be installed with the 
notch oriented as shown. 

The two-pin header CON12 is in- 
stalled adjacent to L1. Although this 
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header has a polarity key to prevent 
reverse connection, its orientation is 
not important. The two-pin header for 
LK1 can also be installed now. 

CON14 and CON15 don’t use plugs 
and sockets - their wires directly solder 
onto the PCB plugs and sockets. They 
are for connecting the ‘3S 250mm 
2xJST-XH parallel balance lead’. This 
lead has a 4-way socket at one end that 
branches out to two 4-way plugs. The 
lead is cut to provide just one plug ona 
4-way lead and one socket on a 4-way 
lead. Cut the leads to get the maximum 
lead length that you can. Then strip 
back the insulation on each wire by 
about 4mm and insert into the CON14 
and CON15 holes. You can place the 
plug or socket lead set in either the 
CON14 or CON15 position. 

However, it is important to insert the 
wires so that there is the same order 
between the plug lead and socket lead. 
We had the red lead on each lead set 
inserted in the outside hole followed 
by the black leads in the order they 
terminate to the plug or socket. A cable 
tie located close to the PCB holds all 
the wires together. 

The 13-way screw terminals are 
made up using five 2-way terminals 
and a 3-way terminal. These terminals 
dovetail together first, before inserting 
the entire 13 terminal set into the holes 
on the PGB, with the wire entry toward 
the outside of the PCB. 
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Finally, the potentiometers (VR1- 
VR6) can be installed. Before you 
do so, however, a little “surgery” is 
needed and it’s easiest to do it before 
the pots are soldered in. 

As the pot bodies need to be earthed 
to the GND PC stake (between VR4 & 
VR5), you will need to scrape a small 
patch of the passivated coating from 
each pot body, using a hobby knife, 
at the position where the wire is to be 
soldered. This will allow the solder to 
flow onto the steel surface below the 
passivated coating. 

And if the pot shafts are too long, cut 
each pot shaft to about 12mm long to 
suit the knob that’s used. Clean up the 
cut edges with a file so that the knob 
will push on readily. Also the locating 
tabs on the pots need to be snapped 
off using pliers. Now install each pot 
taking care to place the 10kQ log pots 
in positions VR1-VR4 and the 100kQ 
linear potentiometers in positions 
VR5 & VR6. 


CLASSiC-D Amplifier 

The CLASSiC-D Amplifier is built 
according to the articles in November 
and December 2012. There are some 
differences in building this for use 
with the PortaPAL-D. 

First, use the Component Values vs 
Supply Voltages table on page 68 of 
the December 2012 issue to set up the 
amplifier for +35V. Additionally, do 
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At left is the main PCB (mixer and power supervision) shown slightly less 
than full size. Note the wire soldered to all pot bodies thence to the PCB. 
Above is the guitar and line input PCB (left), shown full size, and similarly 
the microphone input PCB at right. The XLR (microphone) sockets on this 
. because they are! We didn’t have any PCB 
mounting sockets on hand and the photographer was waiting! Your board, 
using the right sockets, should look perfect. 


board look slightly skewiff .. 


not install the horizontal RCA socket 
(the one that protrudes past the edge 
of the PCB) — just install the vertical 
mount RCA socket. 

Heatsink drilling is also changed to 
include the 50 degrees C thermostat 
that is secured to the right hand side of 
the heatsink (above the V,, and COM 
PC stakes). The thermostat is attached 
using M3 screws that are screwed into 
M3 tapped holes in the heatsink. The 
thermostat is mounted as high on 
the heatsink as possible without the 
thermostat body showing above the 
heatsink edge. The screw holes are 
positioned to pass though the heatsink 
and between the fins. 

The ground lift jumper shunt is 
installed for the PortaPAL-D. This en- 
sures the minimum noise is produced. 


Speaker protector 

The CLASSiC-D Amplifier’s Speaker 
Protector should be constructed as 
shown in Fig.23 of the December 2012 
issue, using the values shown for use 
with a 35V supply. The 47yF delay 
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Figs.6&7: component overlays for the guitar and line input PCB (above) and 
the microphone input PCB (right). The two boards mate to the main PCB via 
CONS to CON10 and CON3 to CON11, respectively, 
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capacitor is changed in value to 10nF. 
Being the only capacitor on the PCB, 
it is easy to locate. The capacitance 
change improves the overall response 
of the PortaPAL-D when switching 
from standby to producing an output. 


DC-DC Converter 


Build the DC-DC Converter as it is 
shown in the May 2013 issue except 
for two changes. First, change the 
13kQ resistor connecting to the anode 
of D3 to 10kQ. On the PCB, this is 
located between ZD1 and diode D3. 
This resistance change reduces the 
low battery shutdown voltage of the 
DC-DC Converter to 10V. This is more 
suiting to the LiPO battery used in the 
PortaPAL-D. The second change is not 
to connect the earth wire from the 
TP GND terminal to the chassis. In- 
stead, the DC-DC Converter case is 
earthed directly to the PortaPAL-D 
chassis once it is secured in place. 


Chassis 
As shown in our photos, the 


a 
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PortaPAL-D is built on two L-shaped 
aluminium chassis panels which 
screw together into an open-ended 
box. Each of these panels is bent from a 
300 x 300mm x 1mm aluminium sheet. 

Fig.10 and 11 show the folding and 
drill layout for these two panels which 
can be made using basic hand tools. 
Some of the holes are countersunk, as 
shown in Fig.11. 

For the cutouts, we drilled a series 
of holes around the inside perimeter 
of the cutout, then filed the it to shape. 

In the absence of a metal bender, the 
90° bends can be folded over the edge 
of a bench with the sheeting held in 
place with a timber block and clamps. 
A rubber mallet can be used to finish 
folding the aluminium flat along the 
bend crease. 
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Fig.8: this board contains all of the mixing and audio signal control 
circuitry before it is passed off to the CLASSiC-D amplifier module 
from CONS. But it also contains the important power monitoring and 
processing circuitry to prevent damage to the Li-Po battery. These 
batteries, while light and powerful, are not quite as forgiving as other 
types if mishandled in the charging/discharging department. 
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After bending, you will have two 
L-shaped chassis pieces. One includes 
the front panel and onto this attaches 
the mixer, microphone and guitar PCBs 
and the charger. The second piece is 
for mounting the CLASSiC-D ampli- 
fier, the speaker protector, the DC-DC 
Converter, the fan and the battery. 

We attached two small cabinet han- 
dles 45mm long x 15mm high x 6mm 
wide to the edges of the front panel. 
This is to allow the panel to be more 
easily removed from the loudspeaker 
cabinet. Our handles were fashioned 
by cutting the corner pillar sections 
from the base of a UB5 blue translu- 
cent box but small drawer or cabinet 
handles, available from any hardware 
store, would be even better. 


Brackets 

Four Aluminium brackets are re- 
quired. These are made using 12 x 
3mm aluminium bar. 

Both the charger bracket and bat- 
tery bracket have a heatshrink tubing 
covering to protect the charger and 
battery from direct contact with the 
aluminium that may otherwise short to 
the battery or damage the charger case. 

Fig.12 shows the110mm-long 
charger bracket. 3mm diameter holes 
are drilled 104mm apart with one hole 
being countersunk for the right-angle 
bracket. The aluminium is covered 
with a 95mm length of 10mm diameter 
heatshrink tubing, shrunk down using 
a heat gun. 

Fig.12 also shows how the Charger 
Bracket is used with one end hav- 
ing two 12mm lengths of M3 tapped 
spacers supported with an M3 x 20mm 
screw. This is held in the front panel 
with an M3 x 10mm screw. At the other 
end of the bracket, a right angle bracket 
is attached using a countersunk screw. 
The right angle section then mounts to 
the horizontal panel of the L-shaped 
panel that also holds the CLASSiC-D 
amplifier. 

Fig.13 shows the two frame brackets. 
These support the chassis junction 
between the top two mounting holes 
of the CLASSiC-D amplifier PCB and 
two of the main mixer PCB mountings 
that are directly opposite from the 
amplifier. With good fortune, the same 
spacings are between the standoffs in 
the CLASSiC-D amplifier and the main 
mixer. As shown in Fig.13, the brackets 
are 65mm long with 3mm diameter 
holes 55mm apart with a right angle 
bracket attached at one end. 
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For the battery bracket, the arrange- 
ment is shown in Fig.14. The bracket 
is 83mm long with holes 73mm apart. 
The bracket is covered with an 87mm 
long length of 10mm heatshrink tub- 
ing. Two stacked 12mm, M3 tapped 
spacers are held at each end with M3 
x 20mm screws. The bracket holds the 
battery in place with M3 countersunk 
screws into the CLASSiC-D chassis 
along the horizontal panel. 


Chassis assembly 


For the front panel L-shaped chas- 
sis section, check that the mixer PCB 
fits correctly with the potentiometer 
and LEDs fitting into their allocated 
holes. The Preamp mounts on 15mm 


te 
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tapped standoffs that are attached us- 
ing six M3 x 6mm screws. These are 
only used along the rear of the PCB. 
The potentiometers support the PCB 
at the front. 

We placed a potentiometer nut on 
each potentiometer before securing 
with another nut on the outside of the 
panel. This spaces the PCB back a little 
from the front panel. 

Also check that the microphone 
input PCB and the Guitar and line 
input PCBs fit correctly onto the 
front panel. The microphone PCB is 
plugged into the 6-way socket on the 
main mixer PCB and the XLR sockets 
fit into the holes in the panel. The 
PCB is supported in place using M3 


Here are the completed PortaPAL-D PCBs mounted on their respective L-shaped 
ui panels. All the wiring remains connected (to make it easier to follow) with the 
, exception of the main DC connector from the LiPo battery (the red and black cables 
which go off the bottom of the page) and the 5-wire balance connector which 
connects to each of the cells in the battery (the loose white plug and 
socket). Compare this to the layout diagram overleaf. With the two panels 
folded and screwed together, the module is complete — all it needs 
is to be inserted into its possie in the speaker box and the 


two speakers connected. 


screws or self tapping screws into the 
XLR socket mounts. 

The guitar PCB is held in place via 
the 6.35mm jack sockets that are se- 
cured to the panel with anut. The RCA 
sockets are secured with self tapping 
screws. Check also that the charger fits 
into its cut out. 


Front panel 

Once these fit correctly, the PCBs 
should be removed so that the front 
panel label can be attached. The front 
panel can be printed out from the file 
on www.siliconchip.com.au. We used 
A4 photo paper and adhered the print- 
out to the panel with Silicone sealant. 
The panel was then sprayed with a 

















JANUARY 2014 35 











36 









DC-DC CONVERTER 





CLASSIC-D 


C) & AMPLIFIER 





ie 





DES 
(205 







50° C 
THERMOSTAT 
MOUNTED 
ON AMPLIFIER 
HEATSINK 











ea 


Cg 
‘Y= ge aS > DD = = 
jee @ BATTERY CABLE 
mt Pa CONNECTORS 
INSULATED WITH 
HEATSHRINK SLEEVING 















Sia 





JUMPER 
FITTED 


CLASSIC-D 
SPEAKER 
PROTECTOR | “Ga wy lt 


— ioe 


©) genase ee 


















01108122 






SOLDER LUG 
CONNECTS 
TO CHASSIS 


























CHARGER 
SUPPLY 
INPUT 


SE GELBLR©) BATTERY, 


CHARGER OUT 





Fig.9: here’s the complete wiring diagram of the PortaPAL-D, including 
the commercial LiPo Balance Battery Charger. While this diagram is not 
meant to be a layout, the DIY modules do follow the construction nicely: 
the Classic-D amplifier, its DC-DC converter and speaker protector, the fan 
and the LiPo battery all mount on one L-shaped panel, while the PCBs on 
the opposite page — microphone input board, guitar/aux input board and 
the main mixer/power monitoring board, along with the commercial battery oO 
charger, all mount on the other L-shaped panel. Screw those two panels 
together and you have the complete PortaPAL-D module as shown on page 
31, ready to mount in the speaker box. Did we forget to mention you have to 
build that too? 
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VIA POT NUTS ON 6.5mm SOCKETS 
AND SCREWS ON RCA SOCKETS 


clear urethane to provide a 
hard wearing surface. When 
the silicone is dry, the holes 
can be cut out with a sharp 
hobby knife. 

Reinstall the PCBs onto 
the panel. Take care not 
to damage the front panel 
while you are completing 
the wiring and chassis as- 
sembly. 

Make up the lead to con- 
nect the main mixer PCB 
to the guitar input PCB. This com- 
prises two 10-way IDC line plugs and 
a 100mm length of 10-way IDC cable. 
The polarity indicator arrow on each 
plug is pin 1 and the red stripe side 
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THIS PCB MOUNTS DIRECT TO PANEL WITH 
SOCKETS FACING TO FRONT, HELD IN PLACE 






OUTPUT 


i 


of the 10-way IDC cable should be 
oriented to be toward the pin 1 side. 
The cable lies across the V-shaped 
sharp contacts on the plug. Compress 
down the plug so the wires are pushed 
into these contacts. This cable can 
now be plugged into the sockets on 
the two PCBs. 

The power switch, DC socket and 
charger unit can be installed now. 
Note that the charger can be partially 
held in place with the 24mm spacer 
end of the charger bracket attached 
to the front panel with an M3 screw. 
The other end of the bracket attaches 
to the CLASSiC-D amplifier L-shaped 
chassis later on. 

The CLASSiC-D amplifier L-shaped 
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chassis can be assembled now. The 
CLASSiC-D amplifier and the speaker 
protector are each mounted on four M3 
x 9mm standoffs using M3 x 10mm 
screws. Only the lower four mounts 
are used with the CLASSiC-D ampli- 
fier PCB, with the two mounting holes 
above the heatsink (where the power 
in and speaker terminals are located) 
are free from the chassis and attach to 
the chassis brackets. 

The fan mounts onto two 12mm 
tapped spacers positioned diagonally 
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Figs. 10&11 (left) show the sizes and 


are reproduced at 40% life size. 
Figs. 12,13&14 (below and right) are 
details of the four brackets required. 


with more detail can be downloaded 
from www.siliconchip.com.au 





12mm x 3mm ALUMINIUM 





FRONT PANEL 


CHARGER BRACKET — 1 REQUIRED 





from each other using two M3 x 10mm 
countersunk screws on the underside 
of the chassis. Two M3 x 15mm screws 
are used to secure the fan to the spacers. 

The DC-DC Converter mounts onto 
the chassis using two M3 x 6mm coun- 
tersunk screws. Position the DC-DC 
Converter box over the two mounting 
holes and mark out on the box where 
the holes are to be drilled. Drill the two 
holes at 2.5mm (3/32”) in the box be- 
fore tapping the thread with an M3 tap. 
Be sure to clean out any metal shavings 
from within the DC-DC Converter box. 

The battery is secured in place us- 
ing the battery clamp. Use M3 x 20mm 
screws to secure the two 12mm spacers 
to the bracket and M3 x 10mm coun- 
tersunk screws to attach the spacers 
to the panel. 

Wiring 

Before assembling the two L-shaped 
chassis panels together, some of the 
wiring can be completed. For the 
CLASSiC-D amplifier chassis, that 
means that wiring can be done between 
the DC-DC Converter +/- 35V supply 
outputs and the CLASSiC-D amplifier 
and speaker protector plus intercon- 
necting wires between the amplifier 
and the speaker protector. Fig.13 shows 
the wiring diagram. 

Wires connecting to the power in- 
put of the CLASSiC-D amplifier are 
held against the heatsink with a “P” 
clamp. This helps to keep the wires 
away from internal cleats when the 
chassis is inserted in the speaker box. 
Most wiring is done using 7.5A rated 
wire. Typically the OV wiring would 
be in black, positive wiring in red and 
earthing wiring in green. Using colour 
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conventions helps to ensure the correct 
power polarity is connected. 

The protect lead, comprising a 2-way 
lead with 2-pin header sockets on each 
end, plugs into the Protect IN1 plug on 
the speaker protector and LK4 on the 
CLASSiC-D amplifier. 

Wiring of the fan to the thermostat 
can also be done. Fan wiring involves 
securing a solder lug under one of the 
spacer supports against the chassis and 
soldering the black fan lead to this. The 
red positive lead from the fan connects 
to the thermostat. The second ther- 
mostat terminal is the positive supply 
lead for the fan. This and the supply 
leads for the DC-DC Converter can be 
prepared ready to connect to the main 
mixer PCB. 

Two other leads can also be prepared. 
One is the 150mm length of single core 
screened cable that has an RCA line 
plug connected to each end: one end is 
plugged into the CLASSiC-D amplifier 
input RCA socket while the other end 
is ready for connection to the main 
mixer PCB RCA outlet. The second is 
a 270mm length of twin figure-8 light 
gauge wire with a 2-pin header socket 
on each end. This lead connects to the 
LK3 protect header on the CLASSiC-D 
amplifier, while the other end connects 
to the main mixer PCB at the shutdown 
connector CON12. 

Front panel chassis wiring is mainly 
for the charger and battery plus the 
interconnecting wires to the other 
CLASSiC-D chassis. Wires connect 
from the power switch itself to the 
power switch terminals on the mixer 
PCB. For the charger, a 2.5mm DC line 
plug connects to the charger supply 
input on the charger and the wires 
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The LiPo 


Battery Charger 


The battery charger we used for this project is 
a commercial unit which we mounted inside the 
PortaPAL-D case. 
We can already hear the question: “Why buy a 
commercial charger when you could have designed 
one and built it in?” 
The answer is, quite simply, that we couldn’t 
have hoped to build a battery charger for anything 
like the price of the HobbyKing TE4 Balance 
Charger (www.hobbyking.com). At time of writ- 
ing, it sold for $4U13.12. 


This particular charger handles from 1-4 


Lithium Polymer cells with an auto charge current 


pene eae a 
Specification: 
oc at 


atte 


Colle 
‘9 (Lithium Polymer) 


connect charger supply out terminals 
on the main mixer PCB. 

The charger supply input terminals 
on the mixer PCB connect to the 2.5mm 
DC panel connector. Charger output 
terminals on the mixer PCB connect 
to the charger output on the charger 
itself using right angle banana plugs. 
Red is for positive and black for the 
negative plug. 

Battery supply terminals on the 
mixer PCB connect to leads that are 
terminated into Polymax 5.5mm Gold 
Connectors. The negative lead is termi- 
nated into the socket and the positive 
lead is terminated into the plug. These 
are designed to plug into the plug and 
socket leads on the battery. Note that it 
is important to place heatshrink tubing 
over the plug and socket so that when 
connected to the battery terminals, 
there is no exposed metal. Note that 
the leads as supplied with the battery 
have their terminals excessively cov- 
ered in protective heatshrink tubing. It 
will be necessary to remove the excess 
tubing covering the plug portion of the 
negative lead plug and directly at the 
end of the red positive lead socket to 
expose the socket. You can connect up 
the 4-way cell sensing plug and socket 
to the battery and charger but do not 
connect the battery terminals yet. 


of between 100mA and 4500mA from a 

DC input of 11-15V. Furthermore, as its 
name suggests, it automatically bal- 
ances the charge on each of the cells 
(which accounts for the direct connec- 
tion to those cells). 

The lower photo shows the output 
connectors (large red and black termi- 
nals) along with the balance terminals 
for 2, 3 or 4 Lithium Polymer cells. 





There are two earthing wires. One 
is from the battery minus terminal on 
the main mixer PCB to the chassis. The 
second is from the microphone input 
PCB that connects to the TP GND PC 
stake on the main mixer PCB. 

The two L-shaped chassis sections 
can now be connected together. The 
base of the CLASSiC-D amplifier chas- 
sis piece connects to the front panel us- 
ing right angle brackets. The CLASSiC- 
D amplifier PCB’s top mounting holes 
are attached to the frame brackets using 
right angle brackets. The opposite end 
of the frame brackets attach to the same 
screws that secure the main mixer PCB 
to its chassis. 

Connect the supply and switch wir- 
ing to the DC-DC Converter and plug 
the RCA plug lead into the RCA output 
on the mixer PCB. Also connect the 
2-pin header socket lead to the CON12 
shutdown header. 





NEXT MONTH: 

We'll build the PortaPAL-D box, cover it in 
speaker carpet, fit the speakers and then fit 
the PortaPAL-D module to the box to finish 
it off. In the meantime, you have plenty of 
work to do! se 
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SERVICEMAN'S LOG | 


A typical day in my working life 





It would be easy to get the impression from this 
column that most service work involves clever 
sleuthing to solve tricky problems. But that’s 
really not the case; instead the vast majority of 
service work is fairly routine. Here’s a typical 
day in my working life... 


Every serviceman has regular jobs 
that really are the foundation of his 
business. Basically, they are the “bread 
and butter” jobs that he deals with 
almost every day — jobs he knows in- 
side and out and may even be sick and 
tired of doing. However, it’s this type 
of work that keeps the kids in designer 
sneakers and the fridge well-stocked 
with boutique beverages. 

In many cases, this routine (and 
often very basic) work doesn’t require 
specialist tools or trade-specific hard- 
ware. However, it can often require 
hard-won knowledge and years of 
experience to get the job done. 

Of course, service work can vary 
greatly and while many routine tasks 
are often still interesting to SILICON 
CHIP readers, most of the servicemen 
who contribute to this column tend to 
write about their more unusual jobs. 
But most service work simply isn’t like 
that; instead, it’s all rather routine. It’s 
just that you don’t get to hear it. 

Recently, however, a reader wrote 
in suggesting I talk about some of the 
bread-and-butter work in my trade 
so this month I thought I’d walk you 
through an average day in my working 
life as a computer repairman. What fol- 
lows is a typical day in my computer 
repair workshop. 


Up with the sparrows 


The first thing I do when I walk into 
my workshop at around 7.30 in the 
morning (an hour before I officially 
open) is turn all the workshop com- 
puters on. There is great debate over 
whether to turn workstations off when 
not in use and no doubt this will rage 
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on as long as there are computers as we 
know them. For what it’s worth, I shut 
our non-essential workshop comput- 
ers down overnight; not only do they 
use no power when they are switched 
off but there is a lot less chance of fire 
or accidental damage (eg, due to a 
power surge). The last thing I want is to 
be calling clients and informing them 
that their pride-and-joy has melted 
into the workbench! 

What’s more, in Christchurch, the 
possibility of earthquakes is always 
in the back of my mind. We haven’t 
had a really nasty shake for quite a 
while (at least one capable of toppling 
computers off workbenches) but there 
is always the risk of one happening. In 
short, the less machines powered up 
and sitting on workbenches the better. 

Of course, it can always be argued 
that a computer on standby uses 
sod-all power anyway but to my 
engineering-evolved way of think- 
ing, if something isn’t running it isn’t 
wearing out and nor can it cause other 
problems. As a result, all my worksta- 
tions, except those in use recovering 
files or copying data, are switched off 
as part of our end-of-day routine. 

By contrast, our company file server 
runs all the time but uses hardware 
designed for continuous use and is 
also well-protected by an industrial- 
strength uninterruptible power supply 
(UPS). This ensures we don’t have any 
worries with it, even with the some- 
times appalling quality of the mains 
power we are living with in post-quake 
Christchurch. 

Once all the computers have fired 
up, I check for messages; there might 
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be a phone message or two and in- 
creasingly these days, emails sent 
from the contact form on our website. 
Phone messages left after-hours are 
often hang-ups as callers decline to 
leave a message; most people calling 
a computer repair outfit want to talk 
to someone then and there, usually 
fishing for free advice on how to fix 
a problem they’re having. If nobody 
answers they simply hang up and try 
the next number in the phone book. 

If someone does leave a message, 
I have text alerts set so I get notified 
and can call in and process it. If the 
call warrants an immediate response, 
I call then and there; if not, I make a 
note and call during working hours 
the following day. 

With email messages, I check and 
respond accordingly. My answerphone 
message suggests emailing as a support 
option and this is more likely to get a 
response after-hours because emails 
pipe directly through to me and they 
are typically quick and easy to deal 
with. Email support requests are also 
usually genuine, whereas some after- 
hours phone messages can be unrea- 
sonable or even abusive. Apparently, 
some callers expect a human being to 
answer at all hours! 

Once the messages have been dealt 
with, I then go through any jobs car- 
ried over from the previous day. These 
jobs may be data recovery procedures 
that can sometimes take days as files 
are coaxed off dying hard drives. They 
can also be computers that have been 
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HE-RE’S THE BEGINNING 
OF ATYPICAL DAY 
IN MY WORKING LIFE... 


= 


left running because their owners have 
complained that they either crash or 
show some other fault symptom but 
I haven’t seen any evidence of this 
behaviour during working hours. If a 
machine stops overnight, I’ll see the 
effects in the morning and that often 
gives me a clue as to what’s wrong 
with it. 

At this stage, I also check on what 
machines are due out that day and 
make sure the paperwork is up-to-date 
and that I’ve done everything agreed 
to when each machine was booked in. 
That done, I then remove the next ma- 
chine in the queue from the incoming 
shelf and set it up on the workbench. 


Pay up, or else! 

On this particular morning, the next 
machine in the queue was a laptop 
with a scam-ware “virus” infection. 
People generally refer to these types 
of cyber-threats as “viruses”, though 
technically they aren’t because scam- 
ware doesn’t usually attempt to repli- 
cate itself like a true virus does. 

This distinction is important be- 
cause almost every customer hit with 
hijack-ware complains their anti-virus 
and/or anti-malware software doesn’t 
detect it (and thus won’t remove it) 
and are annoyed the threat has been al- 
lowed to be installed in the first place. 
Unfortunately though, no matter how 
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fancy your anti-virus or anti-spyware 
software is, it won’t pick this stuff up 
as malicious. 

To add insult to injury, in almost 
every case, the malware has been 
installed by the computer user. In- 
variably, they have been cleverly 
manipulated into doing so under the 
impression they are installing a legiti- 
mate product, codec or system utility. 

In the case of the laptop, the scam- 
ware displayed a New Zealand Police 
logo at the top of a page of text, along 
with images that stretched to cover 
the desktop area completely, thus 
preventing users from getting past it to 
the rest of the computer. It essentially 
hijacks the computer by disabling 
Windows menus, shortcuts and other 
functions that would allow the threat 
to be stopped or otherwise dealt with. 

The blurb on the page claims the 
user has been caught doing some- 
thing illegal on-line. For example, if 
the threat came from a porn site, the 
text usually claims that the user was 
downloading child pornography and 
if it came from a music or file-sharing 
site, the “charge” is illegally down- 
loading music or software. 

Regardless of the source, the de- 
mand is the same; payment of an 
instant fine or the matter would be fur- 
ther investigated and prosecuted. The 
scam is convincing; the time and date, 
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the computer’s name, the logged-on 
user, the IP address and, if a webcam 
is fitted, a snapshot of whoever was 
sitting at the keyboard at the time are 
all displayed. The scammers claim that 
once the fine is paid, the computer 
will be unlocked and nothing further 
said but of course this is all rubbish; 
the malware will keep blocking access 
to the computer until professionally 
removed. 


Removing the threat 

To remove this threat, I use a custom 
USB flash drive and boot outside the 
Windows environment. I can then 
browse the hard drive and manually 
remove all the files, registry entries 
and shortcuts created at the time of 
installation. 

Depending on the type of threat, 
this usually doesn’t take too long. 
Generally, 30 minutes is enough time 
to clean it all up, though this can be 
longer if the computer has problems 
booting from an external USB drive. 
At odd times, I boot from a CD or DVD 
if I can’t get the USB version going. 

Once I’ve cleaned it all out, I boot 
into Windows and tidy up. Ifthe client 
wants a general service, I do that as 
well. This typically involves deleting 
things such as temporary files and 
folders, along with any other rubbish 
that’s built up over time, and then 


JANUARY 2014 41 














‘Se nvice mans Host —reontinued 





FILES ARE 
COAXED OFF 
DYING HARD 

DRIVES... 


optimising the system to work as well 
as it possibly can. 

Computers are a bit like cars in that 
they respond well to a decent service 
and if done once a year or every 18 
months, this can keep a machine go- 
ing great guns for years. We have a 
50-point service plan we carry out on 
such machines and this ensures that 
everything is as up-to-date as it can 
be (drivers, Windows OS and other 
software updates, etc). 

Optimising a computer for best 
possible performance also involves 
defragging the hard drive(s) and 
that’s the last step on the list. And so, 
having cured this particular laptop’s 
ransom-ware ills, I started the defrag- 
ging process and left it to run while I 
moved onto the next job in the queue. 


Forgotten password 


This next machine was a PC and it 
had a very typical problem; someone 
in the household had been playing 
around in the users’ area of the Control 
Panel and had set a log-on password 
which they had then promptly forgot- 
ten. It’s mainly kids that do this sort of 
thing but every now and then it will 
be Dad who is to blame (not that he’ll 
ever admit it). 

Either way, getting into that profile 
without the password is a difficult- 
but-not-impossible task for the average 
computer user so it usually ends up in 
a serviceman’s workshop. Fortunately, 
there are numerous utilities out there 
on the web for resetting Windows login 
passwords and they vary in price from 
free to expensive. The good news is 
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you don’t need to pay for such a utility; 
the one I use is a freeware command- 
line utility and works with every ver- 
sion of Windows since NT 4.0. 

In fact, many of the shareware utili- 
ties appear to be based around the one 
I use except with a graphical interface 
tacked on. Although they undoubtedly 
work, I prefer to stick with my original. 

The trick with these utilities is 
that you have to boot from either a 
CD or a USB drive with the software 
preloaded onto it. That’s no big deal 
for most machines but some very new 
computers using AHCI (Advanced 
Host Controller Interface) technology 
can be problematic in that when boot- 
ing to utilities like this, the software 
can’t always load or “mount” the hard 
drive, making it impossible to edit the 
contents. 

In such cases, a simple BIOS tweak 
will invariably allow the tool to detect 
and mount the hard drive but you must 
remember to put it back when you’re 
done, otherwise the operating system 
on the hard drive will no longer boot! 

Once the command-line utility I 
use has started, it’s relatively straight- 
forward to change or reset the user 
password (among other things). How- 
ever, there is always the potential for 
catastrophe when messing about with 
Windows registry hives so care must 
be taken. Blanking the password is the 
recommended option and this is what 
I usually do. 

The risk with this utility comes 
about when writing the altered reg- 
istry hive back to the hard disk but 
in all my years of doing these pass- 





word resets, I’ve never had a problem 
(touch wood!). That said, be warned: 
you use any of these utilities at your 
own risk. Get it wrong and you could 
end up with a corrupted registry and 
a computer that won’t boot, so make 
sure you know what you are doing. 

With the password blanked, I was 
now able to boot the machine and log 
into Windows without any problems. 
So that was another job done. 


Damaged power button 


The next machine arrived with a 
damaged front-panel power switch. 
Apparently, the pushbutton switch 
had failed to turn the machine on the 
last time it was used and in typical 
male fashion, its owner thought that 
pushing it harder would help. It didn’t 
and when bright spark pushed even 
harder the whole pushbutton assembly 
disappeared down into the bowels of 
the case. 

I soon had the front of the case off, 
so that it was now hanging by the vari- 
ous cables connecting the USB ports, 
indicator LEDs and other pushbutton 
switches. And the problem was obvi- 
ous; two plastic clips that usually held 
the microswitch firmly in place had 
snapped off. One of the wires to the 
switch has also come adrift, which is 
probably why it had stopped working 
in the first place. 

The only viable solution, other than 
replacing the entire case front, was to 
glue the switch back into place and 
so that’s what I did, using 24-hour 
epoxy resin. The broken plastic clips 
were long gone so I bound the switch 
between what was left of the plastic 
mouldings using a length of thin hook- 
up wire. I then smothered everything 
with resin before covering it all with 
a short length of 15mm _heatshrink 
tubing, which I then shrank into place 
with a hot-air gun. 

I can guarantee that that particular 
switch isn’t coming out again (al- 
though you never know with some 
people)! 

With the switch fixed into position, 
I slipped some heatshrink over the 
loose wire and resoldered it in place. 
The heatshrink was then pushed over 
the joint and shrunk down. 

A quick test proved that the machine 
now worked as expected, so I reassem- 
bled the case and it was “job done”. 
This machine had been serviced not 
long ago so I only gave it a quick once- 
over to ensure everything was as it 
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should be before doing the paperwork, 
calling the client and sitting it on the 
outgoing shelf. 

At this point, I decided to take a 
break from servicing and move onto a 
few office chores. Among other things, 
this involved going over yesterday’s 
receipts with our cashbook software 
and making sure I hadn’t made any 
data entry errors. This all checked 
out, so I backed up the cashbook files 
to an external drive that I take home 
with me. 


The last waltz 


My last job for the day was an ag- 
ing laptop that boots but has a blank 
screen. However, when it’s held at 
a certain angle, I can just faintly see 
the Windows desktop, a sure indica- 
tion that the screen back-lighting isn’t 
working. 

There are a couple of likely sce- 
narios here; either the back-light itself 
has failed or the inverter that drives 
the back-light system is faulty. Fortu- 
nately, both are easy enough to check 
once access has been gained. 

The first step was to remove the 
screen surround. That’s done by re- 
moving six tiny screws hidden beneath 
hard rubber bumpers and then going 
around the edge with a case opening 
tool to release the clips holding the 
surround in place. 

Having gained access to the inverter, 
I unplugged the screen’s backlight 
and plugged in a backlight tube I’d 
previously salvaged from a cracked 
screen (and which I keep just for this 


purpose). The tube flickered into life, 
proving that the inverter was OK and 
that it was the screen’s back-light that 
had failed. 

Unfortunately, a replacement screen 
is the only feasible repair option and 
I don’t have a serviceable used one 
among my pile of old machines. Given 
the cost of anew screen, the client has 
a tough decision to make as to whether 
to go ahead with the repair or cut his 
losses and buy a new laptop. I'll call 
and leave a message with all the op- 
tions and will no doubt hear from him 
tomorrow. 

And that’s another average day 
done. All that’s left is to shut every- 
thing down and set the alarm as I leave. 
Tomorrow will be more of the same but 
then, there’s always those extra spe- 
cial jobs that are waiting just around 
the corner. They’re the ones that add 
interest and provide a real challenge, 
although they’re not always profitable. 


Solar hot-water fault 


A. F. of Kingscliff, NSW recently 
did the “good samaritan” bit when an 
elderly neighbour complained about 
sky-high electricity bills. His inves- 
tigations soon lead him to a faulty 
solar hot-water system. Here’s what 
happened... 

I find that lam sucked into repairs in 
all sort of innocent ways, by the “Gods 
of All Things Electrical”. Such was 
the case when my neighbour recently 
complained to me about the high cost 
of her electricity bill. 

Her insistence, coupled with the fact 
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Whether you’re a hobbyist, TAFE/University, workshop or service 
technician, the Rigol DS-1000E guarantee Australia’s best price. 
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that she is a single pensioner who is 
doing it tough, prompted me to take 
a look at her electricity accounts. She 
could only find the last three accounts 
and without much detailed analysis, it 
seemed she had experienced a steady 
increase in her power consumption 
over the last quarter. 

I didn’t want to do a lot of number 
crunching so I phoned her power com- 
pany in the hope that given their smart 
meters and computers, they could give 
me a quick answer for the sudden 
increase in her power consumption. 
Well I was wrong on that one. The 
“young-sounding” gentleman on the 
other end of the phone was as much 
use as a bucket of pebbles on a sandy 
beach, his only explanation being that 
“she must be using her A/C more”. 

My neighbour and I both knew that 
this wasn’t the case. It was time to start 
looking elsewhere. 

I pulled out a calculator and some 
paper and started to examine the usage 
figures. It seemed that an increase in 
her “peak load” was to blame for her 
higher costs but what had caused this? 
We both knew that she was very aware 
of the recent price rises and was careful 
with her appliances. What’s more, she 
had a solar hot water system, so that 
ruled out any increases from that area 
... or did it? 

I had run out of ideas to explain 
her increases, and more to stretch my 
legs than anything else, I asked if I 
could take a look at the solar hot water 
system. She took me to the laundry, 
where a cylindrical hot water stor- 
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age tank was installed in the corner. 
I could see the two copper pipes, 
which were lagged with black foam, 
disappear upwards through holes in 
the roof where they connected to the 
solar collector. Another single lagged 
pipe ran sideways and carried the hot 
water into the house. 

I felt the pipes which ran up through 
the roof and was surprised to find that 
they were both at room temperature, 
especially as the sun had been shining 
on the roof for several hours. During 
this time, hot water from the solar 
collector panels should have been 
pumped down to the storage tank, 
making one of the roof pipes hot. 
So why was the hot water not being 
pumped down? 

An ABS plastic box with electrical 
wires running from it was mounted 
on the side of the water tank. This box 
also carried red and black RCA sockets, 
with audio-type cables plugged into 
them. One of these cables ran up to 
the roof, while the other ran to a brass 
“plug” on the side of the tank. 

A quick search on the internet soon 
make sense of this — there is a tem- 
perature sensor in the water tank and 
another immersed in the water in the 
solar collector on the roof. Ifthe water 
on the roof is hotter than the water 
in the bottom of the storage tank, the 
roof hot water is pumped down into 
the storage tank until the temperatures 
are nearly equal. 

There was a label on the outside of 
the ABS box, marked “No Lights On = 
Controller is on Standby. Green Light 
On = Pump is Running. Green Light 
Flashing = Tank Sensor Lead Fault. 
Red Light Flashing = Roof Sensor Lead 
Fault”. But where were the green and 
red lights? I removed the cover from 
the ABS box and spotted a circuit 
board with two LEDs on it, one red 
and the other green. And the red LED 


was flashing, indicating a fault in the 
roof collector sensor circuit. 

Next, I switched off the power to 
the unit, removed the RCA plugs and 
measured the resistance of the sensors. 
The one on the water tank measured 
15kQ but the one going to the roof 
sensor was open circuit. 

This meant that either the roof 
sensor or the cable running to it was 
faulty but was that the only problem? 
I wanted proof that the rest of the 
system and the pump were still work- 
ing OK, so I fished out a spare RCA 
audio lead from my spare parts box 
and soldered a 50kQ pot to one end. I 
then plugged this into the roof sensor 
socket and wound the pot up to about 
its 3/4-position. 

Next, I made sure that the pot was 
suspended in mid-air (as I was not 
sure what voltage was applied to it) 
and switched on the power at the wall 
socket. After about a second, I heard a 
click from the ABS box as the relay en- 
ergised. I then waited about 20 seconds 
with my hands on both the lagged roof 
water pipes and was rewarded when 
one of them began to heat up. In fact, 
it quickly became so hot that it nearly 
burnt my hand. 

Of course, this was due to the fact 
that the hot water from the roof col- 
lector was now being pumped down, 
indicating that the system was working 
correctly. I subsequently left the pump 
running until the pipe began to cool 
and then switched it off. 

After that, I turned the pump on 
and off several times to experience 
the wonder of the Sun creating such 
hot water and it worked perfectly each 
time. It was now time to sort out the 
sensor problem. 

Further checks quickly revealed that 
the roof sensor itself was OK (it also 
measured 15kQ). Instead, the fault 
was due to a break in the sensor cable, 
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somewhere between the cable going 
into the roof at the collector end and 
coming out at the laundry roof end. 

At this stage, I decided to let a local 
plumbing company take over the job. 
Removing the long corrugated roof- 
ing sheets on my own, under gusting 
wind conditions, would be too much 
for me. It was a two-man job and this 
was proven when the workers arrived 
to do the repair. There were two of 
them, one a plumber and the other an 
electrician. 

So why did the cable break? I didn’t 
watch the repair but one of the service- 
men later told me that there were rat 
droppings inside the roof and that a rat 
had chewed through the cable. 

In the end, the repair cost my neigh- 
bour $240 but that will be recouped 
in the long run. It’s just a pity that it 
took so long to find the reason for her 
higher charges. It makes me wonder 
just how many other households are 
obtaining their hot water from peak 
load electricity and paying more than 
they should because their solar hot 
water system isn’t working correctly. 


Samsung 740N monitor 


Regular contributor B. P. of Dun- 
dathu, Qld recently tackled a faulty 
Samsung monitor he scrounged from 
a mate. Here’s his story... 

Tim Matthews (not his real name) 
runs an appliance repair shop and 
also does computer repairs. I called 
in to see him a few weeks ago and he 
handed me a Samsung SyncMaster 
740N monitor. He said that a customer 
had brought his computer and the 
monitor in for repair after a car had 
hit a power pole outside his house, 
causing a blackout while he’d been 
using the system. 

After the power had been restored, 
his computer and monitor both no 
longer worked. The computer just 
needed to have its power supply 
replaced but the monitor repair was 
judged to be uneconomic. As a result, 
the customer decided to buy a new 
monitor and left his old one for Tim 
to get rid of. 

Was | interested in it? Well, yes, so 
I took it home and took a look at it. 
Unfortunately, when I tried to power it 
up, it was totally dead so I dismantled 
it and removed the power board. 

I had expected to see one or more 
bulging electrolytic capacitors on this 
PCB but they all looked fine. I then 
checked them with my ESR meter 
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and they all tested good, including the 
main electro after the bridge rectifier. 
The two fuses were also still intact and 
apart from a couple of suspected dry 
joints, I could see nothing obvious as 
to why the monitor was dead. 

I touched up the suspect joints, 
reconnected the power board and 
powered up the monitor, not really 
expecting it to work. It didn’t so I 
removed the power board again and 
took a close look at the layout of the 
power supply section. In the end, my 
suspicions centred on a 6-pin device 
designated “DMO0565R”. This is an 
integrated Pulse Width Modulator & 
Sense FET, specifically designed for 
high-performance switchmode power 
supplies. It was the most likely culprit 
but I had no way of testing it other than 
by substitution. 

Fortunately, I had a spare 740N 
power board on hand that had a fault I 
had been unable to fix. It would power 
up the monitor but then the inverter 
section would switch off after a few 
seconds, so I knew that the DM0565R 
FET was OK. Asa result, I used this to 
replace the suspect one, then refitted 
the board and powered up the moni- 
tor again. 

This time, the power LED came on 
and flashed on and off about once a 
second, so I wasn’t out of the woods 
yet. [suspected that there were further 
faults on the power board but the trick 
was knowing where to start looking. 
Fortunately, I also have a known good 
power board on hand for these Sam- 
sung monitors, so I changed it over. 
The power LED still flashed on and 
off, so the fault lay somewhere else. 

The only other module that could 
cause this situation was the video 
board. Once again, my spare parts 
bin came to the rescue. I also just 
happened to have a spare video board 
on hand because, some time ago, I’d 
been given most of a 740N monitor 
in pieces. It was missing the screen 
because the person giving me the bits 
had swapped it into another monitor 
that had poor back-lighting. 

Anyway, I fitted the spare video 
board and again powered up the 
monitor. And this time it worked, so 
I swapped over the power board to the 
original one and once again, the moni- 
tor worked. I then put the spare power 
board away and marked the original 
video board as faulty and placed it 
in my spares box. I keep dead boards 
because they are handy for parts when 
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working on other equipment. 

I have now repaired several of these 
Samsung SyncMaster 740N monitors 
but this is the first time I have encoun- 
tered a faulty video board. I suspect the 
power surge had damaged the video 
board before taking out the DM0565R 
FET. In this case, it was fortunate that 
I had a spare video board on hand, 
otherwise the monitor would have 
been unrepairable as these boards are 
not available as a spare part. 

Having successfully repaired that 
monitor, I then thought that I might as 
well look at another faulty 740N moni- 
tor I had in the garage. This monitor 
would initially light its power LED 
for a few seconds but then turn off 
completely. 

I went through the usual procedure 
of dismantling the monitor and ex- 
tracting the power board. On this occa- 
sion, I could see five dead electrolytic 
capacitors with obvious bulges and I 
also noticed that the main electrolytic 
capacitor following the bridge rectifier 
had gone very slightly convex on the 
top. I then checked both fuses and 
found that the main fuse was intact 
while the 3A Pico Fuse was open 
circuit. 

The parts need to repair this board 
were all on the spare power board that 
had just donated the DMO565R FET. As 
a result, I swapped the capacitors and 
Pico Fuse over, refitted the power board 
to the monitor and tested it. It worked 
perfectly, so I now had two perfectly 
good Samsung 740N monitors. 

The faults in the second 740N are 
typical of what goes wrong with these 
monitors. Usually, there will be three 
or more dead electrolytic capacitors 
on the power board. However, it’s not 
so common for the main electrolytic 
capacitor after the bridge rectifier to be 
faulty and the Pico Fuse is usually OK. 

Occasionally, other faults also oc- 
cur that cannot be traced due to the 
substantial number of surface-mount 
components on the PCB. What’s more, 
some of these components are virtually 
impossible to identify, having no part 
numbers or obscure part numbers that 
are meaningless to anyone except the 
manufacturer. 

In cases like that, the only option 
is to replace the entire power board 
which is exactly how I happened to 
have the spare faulty board that I used 
to repair the two monitors I got going. 
It really pays to keep faulty boards as 
a source of spare parts. SC 
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So, what did we end up with from this salvage exercise? 
As you can see above, we got the following parts: 

2 large transistors 

1 medium transistor 

6 small transistors 

2 large dual switching diodes 

2 small dual switching diodes 

1 600V 6A bridge rectifier 

1 3A diode 

1 fuse and clips 

1 thermistor 

2 250V electrolytic capacitors 

1 X2 rated mains capacitor 

3 medium sized electrolytic capacitors 

12 smaller electrolytic capacitors 

3 greencaps 

8 ceramic capacitors 

2 heatsinks 

1 120mm 12V fan and grille 

(Most power supplies are fitted with an 80mm fan) 

4 cable ties 

Several screws of different types 

Transistor insulators 

Several chokes & transformers (limited use?) 

Several lengths of light and medium hookup wire 

A 230V switch 

A 230V IEC socket with X2 filter capacitor and choke 

A couple of computer connectors which we kept with wire 

1 sheet of insulating plastic from under the circuit board 

Overall, a worthwhile exercise that yielded a variety of 
useful parts for the junk box. 

Amongst the parts was a splitter cable consisting of a 
Molex connector to two SATA connectors. This was kept 
intact as a spare part for possible use in upgrading a com- 
puter from an IDE drive to a SATA drive, or adding extra 
SATA drives where there weren’t enough SATA connectors 
on the existing power supply. 

There was also a P4 connector, which the wire was left 
on. If needed it can be spliced into an older power supply 
that is lacking a P4 connector. 
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As well, there were two standard 
computer cables consisting of two molex 
connectors and one floppy connector. 
These were retained as spares, but prob- 
ably won’t be needed, as floppy drives are 
rare these days and most drives are now 
SATA. It could be handy for an antique 
computer though! The rest of the hookup 
wire had the connectors cut off and the 
hookup wire was sorted into colours and 
sizes for storing for later use as needed. 

There is a wide variety of computer 
power supply manufacturers and you may 
not find all the mentioned components in 
all power supplies. In fact, some power 
supplies will have additional components 
in them, such as voltage regulators and 
more transistors and different types of 
heatsinks. Modular types of power supply 
will also have a variety of different plugs 
and sockets that may be of use. 

There will almost always be one or 
more integrated circuits in every different 
type of computer power supply, however, there is a fairly 
high chance of these ICs being faulty if the power supply 
no longer works and it’s unlikely that a suitable method of 
testing them will be available. 

Therefore, I never bother salvaging them, unless I need a 
particular type and I can remove it from a known working 
power supply that isn’t worth keeping, for reasons such as 
the case being very rusty or the power supply being so old 
that its rating is too low to be of any use for a reasonably 
modern computer. 

Tusually don’t bother with salvaging small signal diodes, 
1A rectifier diodes, small resistors and small capacitors, as 
these are harder to remove and of limited use with their 
short leads. However, these components can be salvaged if 
they are of any use, as otherwise they will be binned with 
the circuit board. 

In some cases, it may be worthwhile saving the case, if 
there is a need for it for a project, as it has an inbuilt fan 
and vents. However, I don’t usually bother saving the case 
in most cases, because it is often rusty anyway. I usually 
just flatten it and toss it in the recycle bin, along with the 
circuit board. 

The last point to be considered when salvaging parts, is 
that it is very important to test all salvaged parts before 
they are used in a repair or a project. Remember, they might 
have caused the fault in the first place! 

If you can’t test a component (because of a lack of test 
gear suitable for testing that component), then don’t use it! 

It’s no use putting a potentially faulty component into a 
piece of equipment or a project, because you could be just 
introducing a fault. 

(Ed note:) As far as semiconductors are concerned, an 
analyser such as the Peak Atlas DCA is definitely worthwhile 
(available from Altronics — cat Q2100). It will not only tell 
you what the device is — ie, transistor, SCR, etc, (including 
its parameters) it will also identify leads — very handy when 
you don’t know what you've pulled out. $C 





NEXT MONTH: OK, so you've got all the bits from the power 
supply. But what goodies are worth saving on the motherboard? 
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Audio & Video XC-0359 Pen - Smart Digital for iPhone® and iPad® $139.00 $89.00 $50.00 
a GH-1873 Radio - Shower Water Resistant $29.95 $19.95 $10.00 
CatNo. Product Original SAVE GT-3460 RC Helicopter 3Channel Mini with iPhone® Control $79.95 $44.95 $35.00 
Description RRP Pri GT-3430 RC Helicopter 4Channel Single Blade $69.95 $44.95 $25.00 
: XC-0200 Sign Open/Closed LED Remote Controlled $99.00 $69.00 $30.00 
AR-1872 2.4GHz DIGITAL Wireless AV Sender $169.00 $129.00 $40.00 A i 
AA-2073 2.4GHz Digital Wireless Headphones with FM Radio $99.00 $79.00 $20.00  GH-1188_ Soap Dispenser Deluxe Automatic $29.95 (Bias $10.00 
AR-1864 Bluetooth Motorcycle Headset $99.00 $69.00 $30.00 
CW-2837 Bracket Motorised for Flat TV Large $499.00 .$349.00 $150.00 - 2 = 
CW-2835 Bracket Motorised for Flat TV Slim $299.00 $189.00 $110.00 Power & Lighti ng 
QC-3683 Component Video Cat 5 Extender $99.95 $79.95 $20.00 
AA-0489 DVD/CD Player with 5 Disc Changer $349.00 $289.00 $60.00 CatNo. Product _ 3 Original SAVE 
AR-2069 Earphones with Neck Strap Suits iPod® Nano $19.95 $3.95 $16.00 Description RRP 
a | 3-Port Switch 199. A f 
pkey st - DiepleyPart Converter pied pcp yc MP-3179 100W 24V 4.1A Switchmode Power Supply $69.95 $39.95 $30.00 
AA-0401 Headphone Amplifier 4 Channel $69.95 $59.95 $10.00 MP-3469 Aircraft Power to Cigarette Lighter Socket Adaptor $14.95 $6.95 $8.00 
AA-0407 Headphone Amplifier Portable $19.95 $14.95 $5.00 SB-2364 —_ Battery - AAA Eclipse Lithium - Pk 2 $7.95 $4.95 $3.00 
AA-0403 Headphone Listening Centre with Microphone 10 Way $149.00 $139.00 $10.00 SB-2388 Battery - AAAA Energizer Pk 2 $6.45 $4.95 $1.50 
AS-2086 Headphones with Volume Limiter for Kids $14.95 $9.95 $5.00 SB-1613 Battery - Sub C 2700mAh HD Tag $8.95 $4.95 $4.00 
AR-1825 IR Over Coax Injector/Receiver $19.95 $6.95 $13.00 ST-3061 Bicycle LED Safety Light $9.95 $4.95 $5.00 
LT-3243_  Kingray VHF/UHF Distribution Amplifier $149.00 $129.00 $20.00 MP-3206 Converter - DC/DC 18-36V to 5VDC 600mAh Module $39.95 $11.95 $28.00 
WV-7338 Lead - AV SCART Plug to Plug 1.5m $11.95 $7.95 $4.00 MP-3202 Converter - DC/DC 24V to 5VDC 200mAh Module $21.95 $5.95 $16.00 
WQ-7249 Lead - AV SCART Plug to Socket 1.5m $34.95 $9.95 $25.00 MP-3200 Converter - DC/DC 5V to 5VDC 200mAh Module $19.95 $5.95 $14.00 
WV-7312 Lead - RCA Plug to Plug 1.5m $5.95 $3.95 $2.00 SL-2743 Globe Halogen 12V 50W $7.95 $3.95 $4.00 
WQ-7241 Lead - Video SCART Plug to 3RCA 5m $59.95 $29.95 $30.00 SL-2745 Globe Halogen 24V 20W. $8.95 $1.95 $7.00 
AA-4089 Microphone Intercom Speaker $99.00 $79.00 $20.00 SL-2723 Globe Halogen 24V 35W $4.95 $1.95 $3.00 
CX-2605 PC Board Universal Crossover 2 Way $16.95 $6.95 $10.00 SL-2725 Globe Halogen Pool 32V 150W $12.95 $3.95 $9.00 
AM-4062 Portable PA with MP3 Player $119.00 $69.00 $50.00 L-279 Halogen Bulb 42W Bayonet Pk2 5.95 2.45 3.50 
Hau S| 6 jalogen Bulb ayonet Pk: $! $ $ 
AC-1614 RCA Stereo Audio Signal Volume Leveller $99.00 $69.00 $30.00 SL-3367 HID Conversion Kits H1 35W $59.95 $49.95 $10.00 
AR-3119 Remote Control Wireless for iPod® & iPod® Mini $12.95 $6.95 $6.00 SL-3365 HID Conversion Kits H3 35W $59.95 $49.95 $10.00 
AA-0481 = Single Channel 300W Rack Mount Amplifier $299.00 $279.00 $20.00 SL-3416 HID Dual Lamp Conversion Kits H4 35W $99.00 $59.00 $40.00 
CX-2684 Speaker Box Ports 110mm $13.95 $9.95 $4.00 P ‘ ‘ i 
ST-3123 Lantern LED 80 Lumen 4Mode $19.95 $14.95 $5.00 
} CX-2681 Speaker Box Ports 280mm $6.25 $3.95 $2.30 
Hi aN fi "Tai ST-3121 Lantern LED Rechargeable LED 0.5W $34.95 | $19.95 $15.00 
| \ CE-2325 Speaker PA 8" Twincone 8 ohm $19.95 $14.95 $5.00 ST. L [Torch LE b 5 500 
| | ~—s-CX-2685 Speaker Port Adjustable Angled Sub-woofer $19.95 $8.95 $11.00 rales: -Lantem/Toreh LED:Combe $19.95 Ge 85. 
} CS-2553 Speaker Practice Amp with 32 built-in Drum Patterns $99.00 $79.00 $20.00 ST-3192 LED Light Cabinet 5 $24.95 $9.95 $15.00 
LT-3037 Wall Plate Audio/Video Balun with DC Power $69.95 $27.95 $42.00 ST-3203 LED Light Motion Sensor 1W with Bracket $19.95 $12.95 $7.00 
LT-3039 Wall Plate RGB and Digital Audio Balun $69.95 $27.95 $42.00 ST-3187 LED Light with Swivel bracket 1W , $19.95 $7.95 $12.00 
ST-3383 LED Torch - Eclipse AAA Size LED Keyring $4.50 $2.00 $2.50 
MP-3328 Mains Adaptor for Laptops 120W 5-24VDC $89.95 $64.95 $25.00 
| Gifts & Gadgets MP-3325 Mains Adaptor/Charger for Camcorders $69.95 $49.95 $20.00 
MS-6144 Mains Outlet Footswitch-Operated $29.95 $19.95 $10.00 
CatNo. Product Original SAVE MP-3458 Mains Travel Adaptor for iPad®/iPhone®/iPod® $29.95 $19.95 $10.00 
Description RRP MP-3272 Power Supply Luxeon LED 1W $27.95 | $19.95 $8.00 
: MS-6150 Powerboard 4 Outlet with Remote $59.95 $49.95 $10.00 
GH-1330 Ashtray - Coughing Lung $9.95 $6.95 $3.00 MS-6136 RF Remote Control Receiver 240V Weatherproof $39.95 $29.95 $10.00 
yea a ; an 1 yi sy S eos age ‘ oes MS-6139 RF Remote Controlled Receiver 12V $29.95 $9.95 $20.00 
i i . racli A : : SL-2711 Spotlight - Battery Powered 2W LED Sensor $34.95 $29.95 $5.00 
KJ-6934 Kit - CS! Detective Mini Science Project $9.95 $6.95 $3.00 1.3912 Spotlight - Solid LED Light Bars for 4WD/Marine $199.00 
XC-0249 Kitchen Voice Recorder $69.95 » $24.95 $45.00 . 
h ST-3388 Torch Mini Clip-on 9V $5.45 
XC-4204 Media Player 1080p $119.00 $89.00 $30.00 MB-3640 _ USB Desktop Station $29.95 
GT-3750 Micro Solar Car Racer $9.95 $6.95 $3.00 P 
GT-3013 Novelty Air/Water Balloon Pump $9.95 $7.95 $2.00 S 
Rack Mount Ethernet Switch 4 Port USB 2.0 Networking Server ExpressCard Gigabit Ethernet 
10/100Mbps 16 port rack mount hub with simple Share USB powered devices across a network. Slot this ExpressCard into the 34mm socket on your 
and easy-to-read interface. It can satisfy the Ideal for printers, scanners or for access to your laptop for gigabit network capabilities. The device will 
different demands from house, multimedia external hard drives. auto-negotiate to 10/100/1000Mbps networks. 


classrooms, Internet cafes to enterprise networks. P , 
P + Supports up to 4 devices at the same time 


+ IEC power connection YN-8406 WAS ORRP $69.95 ‘ Compatible with Win2000/XP ; 

+ Size: 440(L) x 123(W) x 44(H)mm Fully plug and play and hot plug compatible 
YN-8085 WAS ORRP $59.95 * Size: 34(W) x 15(H) x 117(D)mm 

XC-4146 WAS ORRP $69.95 





$4qqss $9495 
SAVE $10 

SAVE $25 SAVE $45 
12V 10W Amorphous Solar Panel Outdoor USB Solar Charger 
Features an aluminium picture type frame and clear $ 95 Provides a 5V USB port suitable for charging 
glass window to ensure long life, reliability and 59 devices such as media players and 
protection from the elements. Supplied with 1.5m Smartphones. Attach it to a backpack, tent, or 
interconnecting lead with 3” alligator clips. SAVE $30 bike using the elastic strap and clips to charge 


* Temp Range i 


-50°C to 70°C + Peak Current: 500mA 
+ Size: 930(H) x + Size: 250(H) x 170(W) 

320(W)mm 15(D)mm $3495 
ZM-9030 MB-3593 


WAS ORRP $89.95 





WAS ORRP $44.95 SAVE $10 


4 To order call 1800 022 888 Www.jaycar.com.au 


Savings off original RRP. Limited stock on sale items 
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SALE 


Biometric 
Fingerprint ID 
Access Control 
Control a single door or use 
multiple units on a site 
connected to a PC via an 


RS232, RS485 or Ethernet 
connection. Software included. 


* 12VDC 3A relay output 
+ Requires 9VDC @ 500mA 
+ Size: 180(L) x 82(W) 
x 55(H)mm 
LA-5121 WAS ORRP $499.00 





$1990 
SAVE $300 


8 Zone Wireless Alarm Kit 

The system "learns" what sensors are connected and 

the part arm function allows you to protect certain 

zones while others are disarmed. Easy to install, ideal 
for rented or temporary premises. 

* Kit includes siren, keypad, 
PIR sensor, reed switch 
and power supply 

LA-5150 

WAS ORRP $169.00 


SAVE $20 





Rechargeable Emergency 
Sensor Spotlight a 


An emergency lighting solution / 
suitable for hallways, entry and exit 
points. The mains power supply 
charges the internal battery to ensure ‘i 
illumination is available during power ‘| 
outages. Also acts as a standard PIR 
spotlight to illuminate paths when 

motion is detected. 

SL-3232 WAS $9495 

ORRP $69.95 SAVE $5 


Home Theatre Powerboards 
Keep your home theatre equipment safe. 

+ Data via a network connection 

+ Satellite/cable TV and TV aerials 

* 8 surge and spike protected outputs 


Home Theatre Powerboard 
+ USB outlets 


+ 52kA max surge current $ ae 
+ 1550J Energy absorption 39 
MS-4024 WAS ORRP $49.95 

: SAVE $10 


NOW $39.95 SAVE $10 


High End Home Theatre Powerboard 

* Telephone protection 

+ 144kA max surge 
current 

+ 4300J energy 
absorption 

MS-4029 

WAS ORRP $79.95 

NOW $59.95 SAVE $20 


MS-4024 


Listed below are a number of discontinued (but still good) items that we can no longer afford to hold stock. 


Please ring your local store to check stock. At these prices we won't be able to transfer from store to store. STOCK IS LIMITED. ACT NOW TO AVOID DISSAPOINTMENT. Sorry NO RAINCHECKS. 





Test & Tools WC-7782 Lead - USB 3.0 A Male to B Male - 2m $19.95 $14.95 $5.00 
a XC-4843 PCMCIA Fingerprint ID for Laptops $129 $59.00 $70.00 
Cat No. Descent — SAVE XC-4252 Power-over-Ethernet Regulator 
802.3af Compliant for Arduino $29.95 $24.95 $5.00 
TH-1930 | Assembly Tool for Solar Power Connectors $9.95 $4.95 $5.00 XC-5188 = Speaker Active Desktop with MP3 $59.95 $34.95 $25.00 
TD-2176 — Bicycle Toolset 6-pce Stainless Stee! Foldout $19.95 $11.95 $8.00 XC-5189 — Speaker with Aux-In - Suits iPod $19.95 $5.95 $14.00 
TD-2111 Bit Set Mixed 18-pce Stainless Steel $29.95 $19.95 $10.00 M5240 USB 5-Button Laser Mouse $17.95 Fadia? $3.00 
, XC-4908 USB Business Card Scanner $79.95 $39.95 $40.00 
QM-1496 DMM Autoranging SMT $69.95 $39.95 $30.00 XC-4910 USB Photo Scanner S $129 $69.00 $60.00 
WT-5342 DMM Leads with Mini Blade Fuse Fitting $11.95 $6.95 $5.00 37.8809 _ Wafer Card - Emerald $14.95 $7.95 $7.00 
QM-1546 DMM Solar Rechargeable $119 $59.00 $60.00 ZZ-8810 Wafer Card - Silver $19.95 $7.95 $12.00 
TH-1992 Glue Gun Large 240V $22.95 $10.95 $12.00 ' 
TD-2522 Hole Saw Adjustable $79.95 $39.95 $40.00 S 
QM-1515 Magnetic DMM Strap $5.95 $3.95 $2.00 Security 
TH-1877 Pickup Tool Magnetic with LED $9.95 $7.95 $2.00 ret 
TD-2130 Tapered Reamer 3 - 12mm $095 $7.95 $2.00 CatNo. Aiea a te SAVE 
TH-1806 Tool Set 10-pce Alignment $6.95 $4.95 $2.00 
QC-3599 2.4GHz Wireless AV Modules - Receiver $29.95 $16.95 $13.00 
QC-3264 Dome Kit with 2-Wire Camera $129 $49.00 $80.00 
IT QC-3293 Armour Dome Sensor CCD Camera $149 $79.00 $70.00 
QC-3467 Bullet B&W CCD Camera $99 $45.00 $54.00 
Gate. tin — nia QC-3301 Day/Night Colour Hi-Res CCD Camera $299 $119.00 $180.00 
QC-3299 ExView HAD Colour High Res Pro Style $349 $139.00 $210.00 
XC-4876 12 Volt ATX Computer Power Supply for Cars $99 $69.00 $30.00 QC-3298 ExView HAD Colour Pro Style CCD Camera $249 $109.00 $140.00 
XC-4699 2x e-Sata + 2 x Male Molex Front Panel $19.95 $12.95 $7.00 QC-3289 Wide Dynamic Pro Style CCD Camera $449 $349.00 $100.00 
vf XC-4147 2x USB 3.0 Port Upgrade Kit $39.95 $34.95 $5.00 QC-3341 Camera Lens CS Mount 4mm for Professional 
AR-3280 = Antenna 2.4GHz Dipole MIMO 7aBi $49.95 $14.95 $35.00 Surveillance Cameras $24.95 $19.95 $5.00 
AR-3282 — Antenna 2.4GHz Yagi Wi-Fi $29.95 $19.95 $10.00 QC-3317 Camera Lens Standard C-Mount F2 8MM $24.95 $16.95 $8.00 
AR-3313 — Antenna 3G/4G Cellular Omni-directional $89 $79.00 $10.00 QC-3263 CCTV Video/Power Processor 2-Wire $89.95 $74.95 $15.00 
XC-4695 Dual HDD 2.5"/3.5" SATA Dock $79.95 $49.95 $30.00 QC-3265 CCTV Video/Power Processor 4-Channel $299 $169.00 $130.00 
PL-0754 ~—HDD Adaptor 2.5" - 3.5" with Bracket $14.95 $10.95 $4.00 ZZ-8954 Clear 21mm Diameter RFID Tag $5.95 $3.95 $2.00 
GH-1898 — Hub USB 4 Port with Rhinestone $29.95 $13.95 $16.00 = Qc-g186 Diving Mask with Digital Camera 2GB $129 $89.00 $40.00 
XC-4861 —_ IPTV Internet Digital TV Tuner $169 $99.00 $70.00 LA-5022 _ Doorbell - Wireless $34.95 $24.95 $10.00 
WC-7570 Lead - Computer Keyboard/Mouse QV-3028 DVR Kit 4Ch with 4 Colour Cameras $379 $349.00 $30.00 
to suit PS2° Switchbox $19.95 $7.95 $12.00 | a.5300 _Light Strobe 12V Blue $29.95 $24.95 $5.00 
WC-7640 Lead - FIREWIRE IEEE 1394 4PM-M 2m $12.95 $6.95 $6.00 LA-5049 ~~ PIR Presence Detector Recessed 360 degree $29.95 $24.95 $5.00 
WC-7645 Lead - FIREWIRE eee 6PM-M 5m $19.95 $12.95 $7.00 LA-5044 PIR Pulse Count 360 degree $169 $89.00 $80.00 
WV-7436 Lead - Nintendo Wii® S-Video Upgrade Cable $29.95 $9.95 $20.00 LA-5122 RFID & Fingerprint Access Controller $299 $99.00 $200.00 
WNSTeeD jeead ear ayel bola Lo $29.95 $9.95 $20.00 14.5123 RFID Keypad Access Controller $169 $75.00 $94.00 
YN-8209 _Lead - Retractable Cat 5 1.5m $7.95 $395 $4.00 ! eater : : 
WV-7434 Lead - Playstation® S-Video QC-8005 Video Camera Mini 3MP HD $119 $69.00 $50.00 
‘a QC-3608 Video Door Phone Slimline 7" LCD Colour $199 $129.00 $70.00 
Upgrade 1.8m PS3 $35.95 $7.95 $28.00 att 
WC-7730 _ Lead - Retractable iPhone®/iPad®/iPod? QC-3604 Video Door Phone Slimline LCD Colour : $149 $129.00 $20.00 
to USB A Socket White 1m $14.95 $11.95 $3.00 QC-3628 Video Door Phone with 4-Ch Recording 8"LCD $549 $479.00 $70.00 


To order call 1800 022 888 
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Network 4Ch DVR with 4 x 520TVL 
CCD Cameras 


View live and/or recorded footage anytime, anywhere! 
Contains multiplexing DVR with Ethernet access, four 
weatherproof CCD 
cameras with IR 
illumination, and 
four 20m cables. 


+704 x 576 D1 
resolution 
@ 100IPS 

+ 500GB SATA Hard disk 

+ 520TV line cameras 

+ DVR size: 343(W) x 240(D) 
x 68(H)mm 

QV-8108 WAS ORRP $649.00 


$1900 


SAVE $130 


Switchmode Power Supplies 
High efficiency and reliability. 
Features overload protection, 
current limitation, screw 


down terminals and FROM 
strong metal cage. $4795 
+ Built-in EMI filter 

25W MP-3103 
40W MP-3106 
60W MP-3109 
60W Dual Output (5/12V) =MP-3108 
120W MP-3121 
ISOW MP-3110 






Jaycar 


10 Zone Alarm Kits 
Fully configurable and programmable. 
Includes a central controller and 

the sensors you need to get a 

basic system up and running. 

Up to four remote keypads can 

be installed at up to 100m range 

and each can be named for easy 
identification. 





2 
3°57 
s2*os 
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* Programmable timers for entry, 
exit and alarm duration 

+ Kit includes: control panel, infrared LED 
controller, PIR sensors, reed switch, 
bellbox, 50m 6 core cable and 
12V 1.2Ah backup battery 

LA-5560 WAS $199.00 


$4490 


SAVE $50 


Pro Soldering Gas Kit 
Excellent value and ideal starter kit. 


+ Kit contains pro gas soldering iron with tips, cutters, 
desolder braid, electrical shears, wire stripper/cutter 


crimpers solder splice 
$9g00 


heatshrinks and heat 

shrink pack 
TS-1114 
25W Soldering Iron Starter Kit 
This kit contains everything needed for working on 
basic electronics projects or automotive circuits. 
Includes a digital multimeter, soldering iron, de- 
soldering tool, screwdrivers, pliers and side cutters. 
TS-1652 


QC Crimp Conn 


This pack contains 300pcs of only the most commonly- 
used quick connectors from our range of separately 
sold QC connectors. Insulation is injection-moulded 
Nylon rated to 105°C, with a moulded funnel taper in 





$3495 


the insulation for easy ca 
entry. See website for full 
specification. 

PT-4536 
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~ AUDIO SPOT SPECIALS 
$3g00 


SAVE $10 


Turntable 

Listen to vinyl collections directly 

from the unit. Features a 3.5mm 

headphone jack for personal 

listening with adjustable bass 

control and a line level output 

for connection to an external 

amplifier. 

* 33/45/78 RPM 

* Stereo amplifier 

* Automatic stop 

+ Size: 350(L) x 310(D) x 
130(H)mm 

GE-4136 WAS $49.00 


Transmitter charging crad 


+ Frequency response: 
22 - 20kHz 


* Cradle size: 215(W) x 
68(H) x 135(D)mm 

+ Headphone size: 205(W: 
200(H) x 85(D)mm 

AA-2071 WAS $79.95 





Front and Rear Parking Assist Kit 

While most reversing systems cover the rear of a vehicle $1§ 95° 
they do nothing for the blind spot on the nose. This 

system covers both areas with 8 sensors and the LCD SAVE $10 
display clearly indicates the distance to objects in both 


directions with an audible alarm ay 


sounds if you get too close. 

+ Input voltage: 9-16VDC 

+ Display size: 104(W) x 
75(D) x 41(H)mm 

LR-8872 WAS $179.00 
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DIY PACKAGES 





Wireless Stereo Headphones 


Enjoy high-quality stereo sound from the built-in FM 
radio or from audio devices such as a TV, PC or Hi-Fi. 


the included mains AC adaptor or 
requires 3 x AAA batteries. 


* Transmission range: 15m 





8 Zone Wireless Alarm Kit with GSM Dialler 
Package deal with 8 Zone Wireless Alarm Kit (LA-5145) and GSM 
Dialler (LA-5164) so you can be notified with a phone call 


when the alarm has been tripped. 
+ PIR sensor $29900 
* 2x reed switch 


sensors for doors or windows 
* Key fob remote with panic button 
* Telephone Dialler (LA-5133) 
LA-5169 





Includes: 
+ LCD control panel 
* Key fob remote 
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D1 Resolution DVR Kit with 4 IR Cameras 


Package includes full function DVR, four weatherproof CCD 
cameras, and 500GB of storage for over 300 hours continuous 
video recording. With the help of a free app for Smartphone/ 
iPhone® or the internet, you can log into a system from 
anywhere to view live and/or recorded footage. 
See website for full specifications. 


$4490 


SAVE $100 
















+ H.264 video compression 

+ 704 x 576 pixel (D1) resolution 

* 420TV line CCD cameras 

+ Power supply and 4x 20m 
cables included 

+ DVR size: 343(W) x 
240(D) x 68(H)mm 

QV-8106 WAS $549.00 


Extra cameras available: High Resolution 
CMOS Cameras with IR Illumination QC-8632 $99.00 


&® eeee ooo 
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ector Pack PCB Etching Kit 


An ideal kit for anyone needing to etch a circuit 
board - complete with an assortment of double- 
sided copper boards, etchant, working bath 
and tweezers. See website 
for full list of inclusions. 
HG-9990 WAS $27.95 


$4795 


SAVE $10 


ble 





Steelmate Car Alarm - Basic 
An affordable car alarm that \ 
features voice feedback on alarm $gg0o 
status and operational parameters : 

such as open doors etc. Comes 

with code hopping remotes. SAVE $10 


le runs on 





+ Boot release button 

- Valet mode 

+ Anti-hijacking, 
emergency call 
& locating 

+ Emergency 
override 

LA-9003 

WAS $99.00 


)x 


$5995 


SAVE $20 


Reversing Camera with Sensors & 3" LCD Monitor 
Scans the rear of the vehicle for any object within the detection range appearing on 
the monitor with changing tones. System includes four sensors, a camera, and a 3" 
TFT LCD monitor. 
+ PAL or NTSC mode 
available $179 } 
* Power: 12V DC ¥ : 
+ Anti-false alert technology SAVE $20 ‘. 
LR-8870 WAS $199 A 
Also available: 2.4GHz DIGITAL Wireless Reversing 
Camera Kit QM-3802 WAS $249 NOW $229 SAVE $20 
oc 
WWW.Jaycar.com.au 
Savings off original RRP. Limited stock on sale items 
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This tiny pre-amp was specifically designed to be used 
with the 'Champ' amplifier (KC-5152). Unless you have 
a signal of sufficient amplitude the 'Champ' will not 
produce its maximum power output. The 'Pre-Champ' 
is the answer with a gain in excess of 40dB, which is 
more than enough for most applications. 


+ Power requirement 6-12VDC. 
+ Kit includes PCB and 
electronic components 


+ PCB: 46 x 
$g9s 






36mm 
KC-5166 


10A Motor Speed Controller 


Ideal for controlling 12VDC motors in cars such as 
fuel injection pumps, water/air intercoolers and water 
injection systems. The circuit incorporates a 

soft start feature to reduce \ Ly 
inrush currents, especially 

on 12V incandescent : 
lamps. 


+ Kit includes PCB 
plus all electronic 
components to build 
the 10A version. 

+ PCB: 69 x 51mm 

KC-5225 





you to customise the setup to suit your application. 


* 40m max transmission range 
*12VDC 


2 Channel 
+ Size: 85(L) x 61(W) x 20(H)mm 








LR-8855 $34.95 


4 Channel 
* Size: 90(L) x 73(W) x 20(H)mm 


+ Spare 4 channel key fob controller also available (LR-8858) 


LR-8857 $49.95 


Digital Multimeter Kit 

Learn everything there is to know about 
component recognition and basic electronics 
with this comprehensive kit. From test leads 
to solder, everything you need for the 
construction of this meter is included. 


$2495 


+ Meter size: 67(W) x 


123(H) x 25(D)mm 
KG-9250 





Voltage Regulator Kit 

This handy voltage regulator can provide up to 
1,000mA at any voltage from 1.3 to 22VDC. Ideal for 
experimental projects or as a mini bench power 
supply etc. Kit supplied with PCB and 
electronic components. 
+ PCB: 38 x 35mm 
KC-5446 


$1655 





To order call 1800 022 888 


"Pre-Champ" Versatile Pre-amplifier 


+ Spare 2 channel key fob controller also available (LR-8856) 





Universal Stereo Pre-amplifier 
Designed for use with a magnetic cartridge, cassette 
deck or dynamic microphone. The performance of this 
design makes it a worthy replacement if your current 
pre-amp falls short of 
expectation. It features 
RIAA/IEC equalisation, 
and is supplied with all 
components to build 
either the phono, tape or 
microphone version. 


+ +/- 15VDC required. 
+ PCB: 80 x 78 mm 
KC-5159 





Headlight Reminder Kit 

Features include a modulated alarm, ignition and 
lights monitoring, optional door switch detection, 
time-out alarm and a short delay before the alarm 
sounds. Kit includes quality solder masked PCB with 
overlay, case with screen printed lid and all 
electronic components. 


*12VDC 
+ PCB: 78 x 49 mm 
KC-5317 


$9755 





Multi-Channel Remote Control Relay Boards 


Add remote control functions to a new project or existing installation with these handy remote control relay 
boards. Each channel can be set to momentary or latching mode allowing 


LR-8855 


from the circuit! 
KA-1119 


Universal Power Supply 


Regulator Kit 

One small board and a handful of parts will allow 
you to create either a regulated + 15V rail or 
+15VDC single voltage from a single winding or 
centre tap transformer (not included). 


+ Includes all PCB and 
components for board, 
transformer not included 

+ PCB: 72 x 30mm 

KC-5501 


$1455 








Transistor Tester 
Have you ever unsoldered a suspect transistor only to 
find that it checks OK? Troubleshooting exercises are 
often hindered by this type of false alarm. You can 
avoid these hassles with the In-Circuit Transistor, SCR 
and Diode Tester. The kit does just that, test drives 
WITHOUT the need to unsolder them 
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Digital Audio Delay Kit 
Corrects sound and picture 
synchronisation ("lip sync") 
between your modern TV and 
home theatre system. Features 
an adjustable delay from 20 to 1500ms in 
10ms steps, and handles Dolby Digital AC3, DTS and 
linear PCM audio with sampling rate of up to 48kHz. 
Connections include digital S/PDIF and optical Toslink 
connections, and digital processing means there is no 
audio degradation. Kit includes PCB with overlay a 
pre-soldered SMD IC, enclosure with machined 


panels, and electronic components. 

































+ 9-12VDC power supply required 
* Universal IR remote required 

+ PCB: 103 x 118mm 

KC-5506 i oc! 


High Energy Ignition Kit for Cars 

Use this kit to replace a failed ignition module. Use 
with any ignition system that uses a single coil with 
points, hall effect/lumenition, reluctor or optical sensors 
(Crane and Piranha) and ECU. 


+ Kit supplied with silk-screened PCB, diecast 
enclosure (111 x 60 x 30mm), pre-programmed PIC 
and PCB mount components for four trigger/pickup 
options 

KC-5513 


$4995 


Soft Start Kit for Power Tools 
Stops that dangerous kick-back when you first power 
up an electric saw or other mains-powered hand tool 
to prevent damage to the job or yourself. Kit supplied 
with PCB, silk screened case, 2m power cord and 
specified electronic components. 

+ 240VAC 

“fan $4g95 
+ PCB: 81 x 59mm 

KC-5511 


Jaugar 
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$9795 


Simple |.5A Switching Regulator Kit 
Outputs 1.2 to 20V from a higher voltage DC supply at 
currents up to 1.5A. It is small, efficient and with many 
features including a very low drop-out voltage, little 
heat generation, electronic 
shutdown, soft start, thermal, 
overload and short circuit 
protection. Kit supplied with 
PCB, pre-soldered surface 
mounted components. 


+ PCB: 49.5 x 34mm 


Imcoreony Unie sock, 

















Network I6 Channel DVR Kit with 4 


Features: 

+ Full WD1 (960 x 576) resolution 

+ Multiple video output formats 

+ Ethernet connection 

* Capable of accepting alarm trigger signals 
from separate sensors 

+ View remotely via a web browser or 
iPhone®/Smartphone application* 

+ 1TB SATA included 
(accepts up to 2 x 2TB HDD) 

+ USB & network remote back-up 

* Size: 380(W) x 340(D) x 50(H)mm 

QV-3038 


Wireless Presenter 
with Trackball Mouse 


and Laser 


Functions include page up/down, 
laser pointer, trackball, mouse 
right/mouse left. A small USB 
receiver is located inside for 
plug-and-play. 


XC-5413 
$995 


Flexible 10 LED USB Light 


A handy reading assistant for laptops, Tablets, PCs 
or books. On/off touch lamp. 





* 10,000 hour led life 
+ Flexible gooseneck 
(315mm long) 
ST-2807 


$4495 





High Grade CCD Cameras 


High performance surveillance kit includes DVR, 4 x 960H (976 x 582) high resolution colour CCD cameras 
with rating IP66, 18m camera cables, and 12VDC 5A power supply. 








$1149% 


900MHz Digital Wireless 
Headphones with TOSLINK 


Has a built-in rechargeable battery to allow you 
freedom to move around. The headphone docks to 
the transmitter and charges when not in use. Supplied 
with a mains power adaptor, 3.5mm 
stereo audio and RCA leads. 
* Built-in FM radio 
* Transmission range: up to 
15m under optimal conditions 
+ Transmitter requires 5VDC 
or 3 x 1.5V AAA 


batteries it J 
$7995 


AA-2083 

Dual Fan Notebook Cooler 

Keep your notebook cool on 

your lap or desk. Simply plug 

into your 

USB port. 

+ Size: 365(L) x 295(W) 
x 40(H)mm 

XC-5211 


$4495 






Jucar] WEW forthe new year 


Dimmable Rechargeable 
1OW LED Work Light 


Features a dimmable LED for more 
lighting flexibility, a high-strength 
tempered glass cover and a high- 
pressure die cast aluminium shell. 


+ IP65 rating 


+ 240VAC power 
input 


SL-2809 aan : 

sgg95 
Solar Rechargeable Motion 
Sensing LED Flood Light 


The 3W solar panel comes with a bracket allowing 
you to bolt it onto a surface to catch as much sun 
as possible. It's connected to a very bright 10W 
LED light with a 3m cable. The light also features a 
mounting bracket. The light is entirely controlled by 
the PIR sensor. 
SL-2808 
















$159" 


12VDC Mounting LED Headlamp 


Modules 


Extremely bright drop-in replacement LED headlights 
for your car. Each kit contains 2 x 25W 
per LED bulbs, 2 x controller 

assemblies, and all the wiring is iil my 
pre-terminated to appropriate : ‘ 
connectors to make installation i" itt 
as quick and easy as possible. iM 


| 


ANY 





* CREE® XLamp CXA1512 LED SL-3499 


+ Ballast size:65(L) x 50(W) x 16(H) mm 


H4 (High / Low Beam) CREE® ie 
$169 
ea 


LED Powered Headlamp Kit 
* 1600/1800 Lumens per LED bulb 
SL-3498 $169.00 


H7 CREE® LED Powered Headlamp Kit 
+ 1800 Lumens per LED bulb 
SL-3499 $169.00 
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PRODUCT SHOWCASE 


Saleae Logic16 Analyser 


Logic16 is a logic analyser used to record, view, and meas- 
ure digital signals. Logic16 also currently has 17 different 
protocol analysers including serial, I2C, SPI, CAN and many 
more. Logic16 can sample two channels at 100MHz, four chan- 
nels at 50MHz, eight channels at 25MHz or all 16 channels at 
12.5MHz and can record up to 10 billion samples. 

Logic16 includes everything you need: ultra-flexible 
wire harnesses, 18 high-quality micro-hook probes, a 
USB cable and a nice carrying case. 

Logic16 comes with a 2-year replacement warranty, 
so it’s a worry free purchase. On top of that, Saleae offer top 
notch technical sup- 
port for how to use 
the product with your 
particular application. 
The Logic16 price is 
$295. 
















Contact: 
Core Electronics Pty Ltd 


35 Tippereray Dve, Ashtonfield NSW 2323 
Tel: (02) 8007 4447 
Website: www.core-electronics.com.au 











Surround Master from Involve 
Audio 


Verbatim’s LED Candle looks just like 
...acandle! 


Verbatim’s new “True Candlelight” 
LED lamps allow users to experience 
the warmth and ambience of candlelight. 
Delivering 1900K colour temperature, the 
white light spectrum and intensity of the 
LED closely matches a real candle flame—a 
feature not possible with traditional LED or 
incandescent lamps. Ideal for use in deco- 
rative lighting fixtures such as chande- 
liers, wall sconces and 
table settings, the 2.5W 
VXRGB candle LED has 
an E14 base fitting and 
optics that feature a 
flame tip design. 














Involve Audio, an Australian 
technology development company, has 
released the “Surround Master” surround sound decoding 
system. 

The SM 465 isa dual DSP based stereo to either 4 channel 
or 5.1 channel decoder that features a central QS based core, 
tri band dual slope processing and the patented Involve 
acoustic processing technique. The manufacturers claim 





6/450 Princes Hwy, Noble Park, Vic 3174 
Tel: (03) 9790 8999 
Website: www. verbatimlighting.com.a 





u 











greatly improved stereo decoding relative to other stereo Tektronix PA1000 
formats such as Dolby PL2, Circle Surround, Q sound, 4 . 
dummy head recordings, QS RM, etc. Single Phase 


“Involve” is also a recording format fully compatible 
with stereo and achieves up to 40dB of separation using the 
company’s encoder. It is further claimed the system is free 
of sonic artefacts 
such as pumping 
or surging etc. 

The base model 
SM465 is priced at 
$395.00 


Contact: 

Involve Audio 

33 Malcolm Rd, Braeside, Vic 3195 
Tel: (03) 8581 7638 

Website: www.involveaudio.com 





Correction: 


QualiEco Circuits Pty Ltd = 


(C)ualilicox 


In the December Product Showcase, the 
phone number for the Auckland office of QualiEco Circuits was wrong. 
Correct contact details are: PO Box 75474, Manurewa, Auckland 

Tel: (649) 2696916 Fax: (649) 269 6926 www. qualiecocircuits.co.nz 
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Power Analyser 


Whether you need to test 
— *\ the compliance with energy- 
———————— usage regulations such as 
, Energy Star!™, or simply need 
to characterise your product’s overall power-conversion per- 
formance and efficiency, you will find the PA1000 offers the 
most modern and complete test solution with performance 
and features unmatched by other single phase analysers. 
It features dual current shunts (1A & 20A), .05% basic ac- 
curacy (1MHz bandwidth), versatile colour graphics, front- 
panel USB for data 
logging and PRWR- 
VIEW software with 
setup wizards and 
compliance-testing 
automation. 


Contact: 
TekMark Australia 
302/18 Orion Rd, Lane Cove NSW 2066 


Tel: (02) 9911 3888 Fax: (02) 9418 8485 
Website: www.tekmark.net.au 
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Using modern high-power LED arrays, it’s easy to make a SAFE party 
strobe which will give a really good display yet won’t break the bank. 


f 


Ye |i 





| 











Photo courtesy The Cowles Centre 
Photo by Erik Saulitis 
Dancer Leah Gallas 


by Ross Tester 
and Nicholas Vinen 
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e LED Party Strobe is in two parts: onthe 
eft is the power supply box which contains only 
e transformer and associated parts while on the right is 






_what could be called the “head unit” with the driver electronics 
nd the all-important 100W ultra-bright white LED array. This 
housed in a LED floodlight fitting from Oatley Electronics, the 









same source for the LED arrays. 


any years ago, several party strobes, along with 
Mites" types (we’ll explain the difference 

shortly) were described in the magazines of the 
day — Electronics Australia and Electronics Today. They 
were very popular as kits, with Dick Smith Electronics, for 
example, selling thousands of the things. 

But they were nasty beasts! (I was going to use another 
“b” word but the Editor wouldn’t let me!). 

The Xenon flashtubes they used required dangerously 
high DC voltages and invariably this was supplied straight 
from a rectifier on the mains, feeding a high voltage capaci- 
tor via a 10W resistor. That means there was about 350V 
DC or so on the (usually exposed) wires of the flashtube, 
ready to bite unsuspecting users. Talk about an accident 
waiting to happen; and they did! 

Sure, the magazines described perspex covers to try to 
keep them a bit safer but the vast majority were built with 
that part conveniently left off. So after some time, the kits 
became unavailable — mainly on safety grounds but also, 
to some degree, because the psychedelic age had passed 
and strobes were a little passé. 

Which was probably just as well, as another generation 
might have discovered them and discovered (the hard way) 
just how lethal they could be. 

In recent years, though, party lighting has had something 
of aresurgence, if for no other reason than it is now signifi- 
cantly cheaper than it used to be (did someone mention 
China’). 

By and large, though, party strobes still used those 
high-voltage xenon tubes. For a short, bright flash, there’s 
nothing better. And yes, you can still buy Xenon flashtubes, 
although the really high power types seem to have all but 
disappeared. 


Something safer? 


But we wondered whether we could come up with a 
much safer and possibly cheaper alternative. You’d have 
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noticed the proliferation of very bright LED arrays recently. 
Could they, would they be suitable? 


But what is a strobe? 


OK, we’ve gota bit ahead of ourselves here because many 
readers might not even know what a strobe is! 

Originally developed for serious industrial and educa- 
tional use, stroboscopes (to give them their proper name) 
are devices which use a very short but accurately repeated 
flash of light to “stop action” on (mainly) rotating objects. 

They do this by synchronising the timing of the pulses 
so that the rotating object, eg, a fan blade, is always at the 
same point in its rotation as the flash occurs. With subdued 
lighting around the object, that flash simply highlights the 
object so that it appears to be stationary. 

Human “persistence of vision” takes care of the rest — the 
eyes and brain “fill in the gaps” between each flash so that 
it appears you are seeing a continuous image. 

That in itself can be dangerous: many a finger has been 
sliced when someone who didn’t understand what was 
happening has poked said digit into a rotating fan! 

By and large, these “strobes” were relatively low power 
affairs; after all, you didn’t want a blinding flash, you just 
needed enough to illuminate the subject. The frequency 
of operation ranged from quite slow to very fast — if the 
subject was spinning very fast, you needed to be able to 
match its speed to “stop” it. 

If you varied the speed of the strobe a little away from 
synchronisation, you could make the object appear to be 
rotating forward, or backward. At half or double the speed, 
the object appeared to stop rotating again. 

It’s a similar effect to the backward-rotating wagon wheels 
in wild west movies, except that here the strobing occurs 
due to the “stop action” of the movie camera. 

As mentioned above, for many years, strobes were made 
using small, U-shaped Xenon flash tubes, typically rated 
at 0.5 Joules. These have an operating voltage of 200-400V 
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These two scope graps show various waveforms at minimum (left — about oat and maximum ane - =e 12Hz) 
flash rates. The pulse width itself remains constant at about 25ms. The top (blue) trace shows the 7555 timing capacitor 
charging and discharging (pin 2/6), while the green trace is the corresponding Mosfet gate voltage. The yellow trace is the 
voltage across the LED array itself (the sawtooth waveform on top is 100Hz ripple from the power supply). Finally, the 
pink trace shows the actual light output of the LED array, as seen by a phototransistor. Note that the light output exactly 


follows the 100Hz modulation of the power supply. 


DC but require a “striking voltage” many times higher — 
perhaps 3-4kV and often more. 

Simply connecting one of these tubes across a voltage 
source did nothing, that is, until the high voltage trigger 
pulse was applied. Then they would instantly discharge 
the voltage source (usually a capacitor) resulting in a bright 
flash of light as the Xenon in the tube ionised. 

The trigger voltage was provided by a special high voltage 
transformer which in turn received its pulses from some 
form of oscillator. It was possible (indeed quite usual in 
party strobes) that this was very simple indeed, with as few 
as half a dozen parts. It was only when high precision was 
needed (eg, in an industrial situation where the strobe was 
also used to measure RPM) that a more accurate oscillator 
was employed. 

The advantage of Xenon tubes was that the flash of light 
they gave, while intense, was very brief — somewhere 
between a few nanoseconds and a few milliseconds — de- 
pendent on how long it took for the storage 
capacitor to discharge through the tube. 

Once discharged, the current stopped, 
the gas de-ionised and the tube in- 
stantly stopped glowing. The capacitor 
recharged, the transformer triggered the 
tube and this repeated while ever power 
was applied. 

Strobes were also used in photogra- 
phy. Again, first of all for industrial ap- 
plications but also to capture action, for 
example in nature, that would otherwise 
be impossible to see. Strobes became 
more powerful and more portable. The 
brighter the strobe flash, the better the 
photographic image. 

Somewhere along the line, someone 
(probably a university student!) realised 
that in a darkened room, a slow-running 
strobe also “froze action” of a moving per- 
son. And this was never more evidenced 
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than when that person happened to be wildly gyrating — 
some call it dancing. 

So the industrial strobe was beefed up in power and 
slowed right down — experimentation showed that flash 
rates between about five and ten flashes per second were 
ideal. Any slower and the images were too unrealistic and 
grotesque; too fast, and the action became almost like it had 
a continuous light shone on it. 

There was a downside, however — at certain flash rates, 
strobes were found to induce epileptic fits in those pre- 
disposed to them (see warning panel). 

With the advent of ultra-bright LEDs, some industrial 
stroboscopes were made using them — and in fact SILICON 
Cup described such a strobe in the August 2008 issue. 
However, it’s definitely not for party use — while bright, 
the white LEDs used are nowhere near bright enough to 
light a scene. 

Several readers have also submitted LED-based indus- 





Here’s the Power Supply box, shown from the back with the mains input (fused 
IEC connector) on the left and the 24VAC output socket on the right. The power 
switch is on the front. 
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The assembled PCB mounted on the rear of the floodlight assembly. 
The pot and operate switch emerge through the cover, as shown in 
the photo below. The two LEDs (between the pot and switch) could 
also poke through the cover if you were so inclined — obviously, 
they would need to be mounted with more lead length than 
is seen here and suitable holes would need to be 
drilled in the case cover. Note that this PCB is a 
prototype; there are some minor differences 
_between it and the final board which now 
has a snap-off section to suit the jiffy 
box used in the Hot 
Wire Cutter. 


/, 20W, 50W and 
100W - all share 
a common supply 
fy voltage, 30-32V DC. 
“ff The current varies ac- 
k. cording to the power; 

/ a 10W LED needs only 
fy about 350mA while the 
100W needs in excess of 3A. 
30-32V DC might sound 
like a difficult voltage to obtain 
but it is easy. There are many 
transformers around offering 2 x 
12VAC secondaries. Connect them 
in series and you have 24VAC or 
thereabouts. 

































trial strobes 
over the years 
for our “Circuit Note- 
book” pages; for example 
June 2007 and April 2004 issues. 
Again, they are for non-entertainment 
use only. 



















Photograhic strobes 

Talk to a photographer and he’1I tell you that strobes are 
those large studio flashes which are “synched” to the camera 
shutter. Almost invariably, they do not flash more than once. 
If you want second and subsequent flashes, you must fire the 
camera again. 

These are NOT the type of strobes we are talking about 
here — in fact, describing a studio flash as a strobe is a cor- 
ruption of the word because strobing, the effect, implies 
movement/rotation. By the way, the word comes from the 
Greek “strobos” meaning act of whirling. 


Using ultra-bright LEDs 


Readers will recall two LED array floodlights published 
in SILICON CHIP. A 10W model was described in February 
2012 and a 20W in November of the same year. Atthe $2 
time, we marvelled at how bright these new LED 
arrays were. But a year is a long time in electronics 
and now 50W and 100W LED arrays are 
becoming quite common. 








Power 
The LED arrays which we tried for this project — 10W, 





And here’s a side-on shot of the business end. The PCB, containing 
all the driving circuitry, is in the box on top with the speed pot and “operate” 
switch emerging from the end. 
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If you remember your bridge recti- 
fier theory, the open circuit (ie, peak) 
DC output equals AC input voltage, 
multiplied by 1.414 (the square root of 
2), less the voltage drop across the pair 
of diodes in the bridge (theoretically 
about 0.6V each or 1.2V) but probably 
a little more, especially at 1A or so). 
Let’s call it about 2V. 

Putting that into a formula, we get 
(24V —2V) x 1.414 =31V! 

We can convert that to a reasonably 
steady DC (the LED will still be happy if 
it’s not perfectly smooth) by placing an 
electrolytic capacitor across the output 
and end up with something around 31 
or 32V DC. 

By the way, if you wanted to make a 
100W LED floodlight using one of these 
LED arrays and this transformer, that 
is precisely what you'd do. 


Making it flash 


So we have a high power LED and 
we have a suitable DC power supply 
— making it flash should be dead easy, 
right? Well it is, but... 

As we mentioned above, getting the 
flash on-period right is just as impor- 
tant as getting the flash frequency. 

Just to reiterate, the frequency is the 
number of times it flashes per second; 
the on-period is the length of time the 
LED is actually turned on. 

So we needed a circuit which could 
adjust both of these paramteters — at 
least during setup (the frequency 
should be externally adjustable). 

As we mentioned earlier, because it’s 
for entertainment use, it doesn’t have 
to be super accurate. 


D5,D6: 1N4148 
ZD1, ZD2 











D7 
1N4004 
(OPTIONAL) 


A 
STROBE MODE: 
JP1 TO VF, JP2 OUT 
HOT WIRE MODE: 
JP1 TO PWM, JP2 IN 


OPERATE 
LED2 
HI-BLUE 


K 
oO 
oO 
a 
N 
N 
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Beat triggering 

In the past, we’ve seen some strobes 
which offered “beat triggering” to mu- 
sic — basically a cross between a strobe 
and a Musicolor. 

To be frank, we could never quite 
see the point — one of the features of a 
strobe is its consistency of flash, which 
beat triggering effectively defeats. So 
we left this one well alone. 

If you want something that flashes 
lights in time with music, build one of 
the Musicolor projects we’ve featured! 
(DSP Musicolor, June-August 2008; 
LED Musicolor, October-November 
2012 and even the Digital Lighting 
Controller, October 2010). 

Believe it or not, the DSP Musicolor 
also features a “strobe” mode, which 
can trigger with the beat or trigger by 
itself but the effect is not as good us- 


12-24VDC IN © 
(HOT WIRE CUTTER MODE) 
POWER 
LED] 
HI-GRN 


* VOLTAGES SHOWN 
ARE FOR STROBE MODE 





IEC MALE 


MAINS CHASSIS 


Sf PARTY STROBE/ HOT WIRE CUTTER/SPEED CONTROLLER 





is built on a single PCB, mounted on 
the rear of the floodlight housing. 
jumpers on JP1 and JP2, also suits the 
Hot Wire Cutter from December 2010. 
It could also be used as a low-power 


party strobe but with the addition of 
DC motor speed controller. 


Fig.1: the circuit is shown as one 
complete device, even though it is 
constructed in two sections. At left is 
the power supply, built into its own 
box, while the balance of the circuit 
The circuit as shown suits the LED 
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ing incandescent bulbs with their even 
longer filament persistence. 


We already have a circuit! 

While experimenting with this idea, 
we recalled an earlier SILICON CHIP pro- 
ject which, with a slight modification, 
could do exactly what we wanted. That 
was for our Hot Wire Cutter Controller 
(December 2010). 

We could then make a single PCB 
which could be used as a Hot Wire 
Cutter controller OR as a LED Strobe 
flasher (and even a DC motor speed 
controller if you wished!). 

The circuit is shown in Fig.1. 


How it works (strobe mode) 

The two 12VAC secondaries of 
transformer T1 connect in series to 
Con1 which results in 24VAC being 
applied to the bridge rectifier (D1-D4). 
The resultant pulsating DC is smoothed 
with the 1000uF capacitor following, 
so arelatively smooth 31V DC supply 
rail is permanently available for the 
LED array. 

Because the 7555 has a maximum 
supply voltage of 18V, a low-voltage 
(15V DC) rail is provided via the 3.3kQ 
resistor, 15V zener diode ZD1 and the 
100uF electrolytic capacitor following. 
LED1 shows that power is applied. 

A 7555 (CMOS version of the ubig- 
uitous 555 timer) is the heart of the 
circuit but its connections are a little 
unusual, Normally pin 7 (discharge) is 
connected to the supply via a suitable 
resistor or pot and this is then con- 
nected to pins 2 and 6, which in turn 
connect to the timing capacitor. 

In our case, pin 7 is not connected 
while pins 2 and 6, with the timing 
capacitor, are connected to the output 
(pin 3) via potentiometer VR1 and 
diodes D5 and D6. 

The timing capacitor is initially 
discharged so the 7555 output will be 
high. Ignoring Q1 and Q2 fora moment, 
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the capacitor starts to charge via D6 at 
arate set by the 100kQ resistor. When 
its voltage reaches 2/3 of the supply 
voltage, threshold input pin 6 detects 
this and sends the output low. This 
in turn discharges the capacitor via 
the potentiometer and D5. When its 
voltage reaches 1/3 supply, pin 2 (the 
trigger) forces the output high again 
and the whole process continues. 
Due to the combination of VR1 and 
the 100kQ and 220k resistors, D5 and 
D6 cause an unequal charge/discharge 
rate so that the output high time is very 
much shorter than the output low time. 
When the output is high, transistor Q1 
turns on, charging the gate of Mosfet Q3 
and causing it to turn on, in turn, briefly 
lighting the LED array (and LED2). As 





The LED array mounted on the 
floodlight housing. Ringed in red - and 
very hard to see even in good lighting 
— is the “+” symbol (anode). It’s a bit 
misleading because this is not closest 
to the LED anode but this is the way 

it goes: the red wire is the anode, the 
black wire the cathode. 


Fig.2: the PCB component overlay. The board 
may be used as shown for the LED Party Strobe 
or cut along the dotted line to suit the Jiffy Box 
used in the Hot Wire Cutter. The photo below 
is of an early prototype; there are a few minor 
changes to the final board shown at left, which 
now has a snap-off section. 


soon as the output goes low, Q2 turns 
on, discharging the gate of the Mosfet 
ensuring it is fully turned off. 

We neglected to mention the power 
switch S1: because the LED array (or 
hot wire element) is totally under the 
control of the circuit, there’s no need to 
provide a high-current power switch. 

S1 switches power to the oscilla- 
tor/Mosfet and when it’s off, it’s off! 
However, there may be times when you 
want to “remotely control” the strobe, 
say when it is mounted up high for 
best effect and the supply is down low. 

For this reason, we have shown a 
mains-rated switch on the transformer 
primary — if you don’t think you need 
this (eg, you can turn it on and off at 
a power point), simply wire the trans- 
former direct to the IEC socket. 


How it works (hot wire cutter/ 
speed controller mode): 

When JP2 is inserted and JP1 is 
moved to the left side of its header set, 
rather than controlling the frequency, 
VR1 adjusts the duty cycle while 
the frequency remains fixed. That’s 
because as the wiper of VR1 moves, 
it increases the on-time by the same 
amount that it decreases the off-time 
(or vice versa). 

This is more suitable for the hot 
wire cutter and can also be used as a 
low-voltage DC motor speed controller, 
such as featured in November 2008 and 
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November 2010. Therefore the one PCB 
can serve a number of purposes. 

We should point out that the low 
operating frequency would give quite 
a “pulsy” operation if used for either 
alternative application but if this is 
easily fixed by reducing the value of 
the capacitor on pins 2 & 6 of IC1 (to, 
say, 10nF). , 


Construction 

We decided to use the same flood- 
light housing/reflector assembly which 
we used for the 20W LED floodlight 
project. Both of these are available 
from Oatley Electronics, along with a 
12V+12V 200W toroidal transformer 
which is perfect for the job. The hous- 
ing we used suits the 20W, 50W and 
100W LED arrays. 

The advantage of the floodlight 
housing is that the front is pre-drilled 
to take the LED array and the back end 
has four mounting pillars perfect for 
mounting the PCB. 

With the exception of the mains 
components and transformer, which 
we'll get to in a moment, all com- 
ponents (apart from the LED array) 
are mounted on a single PCB, coded 
16101141 and measuring 95 x 49.5mm. 

Because we made the PCB suit- 
able for either the Party Strobe or 
the Hot Wire Cutter (which has 
a slightly smaller zippy 
box) the board has a 
snap-off section. Left in- 
tact, the mounting holes 
to suit the floodlight 
housing; with the sec- 
tion removed, it fits in a 
zippy box. 

Start assembly with 
the controller PCB. First 
are the small resistors 
— there are only five to 
mount, then the larger 
0.5W 3.3kQ resistor. The 
resistor shown as R1 
on the circuit and PCB 
overlay can be replaced 
with a wire link for the 
Strobe. 

Next are the the eight 
diodes (watch both their 
polarity and type — the 
two smaller diodes are 
zeners) and then the five 
capacitors (watch the 
electrolytic polarity). 

We solder the indica- 
tor LEDs directly to the 
PCB because they are 
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really only needed during setup. 

Because the LED array is so bright, 
it makes sense to leave it disconnected 
until the very last thing (otherwise the 
blinding flash will... blind you!) and 
the power LED is somewhat redundant 
once the Party Strobe is completed 
because you know it’s working by the 
LED array flashing! Make sure the LED 
anodes (longer lead) go into the holes 
marked “A”. 

If you wished, you could have these 
LEDs emerge from the case by leaving 
extra long leads and drilling suitable 
holes in the case. 

Both of these components were 
included more for the Hot Wire Cut- 
ter application because you cannot 
normally see any operation (and you 
don’t really want to test that it’s on by 
touching the wire!). 

The last components to be placed be- 
fore the hardware are transistors Q1 & 
Q2, Mosfet Q3 and IC1, the 7555 timer. 

The Mosfet is mounted on a U- 
shaped heatsink, itself held in place 
by the Mosfet mounting screw. Place 
the Mosfet in position with the gate, 
drain and source in their appropriate 
holes (G, D and S) but don’t solder them 
yet. Bend the Mosfet down 90°so that 
its hole lines up with the hole in the 
PCB. Slip the heatsink under it and 





Mosfet, heatsink and PCB and secure 
with a nut on the PCB side. Now you 
can solder the legs in position. 

There are arguments for and against 
using a socket for the 7555 timer — we 
prefer to solder them directly in place. 
Either way, ensure the chip or socket 
is mounted with its notch towards 
the top. 

Finally, mount the hardware (two 
header pin assemblies, two terminal 
blocks, DC input socket [if needed], 
power switch and speed potentiome- 
ter). The pot mounts side-on to the PCB 
so its shaft can emerge through the side 
of the floodlight housing or jiffy box. 


Housing and wiring 
the transformer 


For both convenience and safety, the 
transformer needs to be mounted in 
some form of sturdy box or case. The 
specified transformer measures 110mm 
(diam) x 50mm high, so the case will 
need to be at least that big. 

We used a small folded aluminium 
case from Jaycar (Cat HB5444) which 
has plenty of room for the transformer, 
IEC input socket, switch and fuseholder. 

The Oatley transformer comes with 
4.8mm female spade connectors for 
both the blue and brown primary wires 
while the two secondaries (red & black, 


and black & white wires), each have 






There’s not a lot of room 
in the Power Supply Box. 
It houses the 12V+12V 
toroidal transformer, the 
IEC mains input socket 
(with fuse-holder), the 
2.5mm output socket, 
power switch and the 
three-way terminal block 
(the middle terminals 

# connect the two windings 
}together). Note the sheet of 
4 sfibre insulation between 
4} the mains and low voltage 
sections plus the cable ties 

4 = - just in case something 
comes loose. And all of 
the “bitey bits” are 
covered with heatshrink 
tubing (along with the 
exposed 24V output 
socket) — again, just in 
case. Incidentally, we 
had to cut the end off the 
transformer mounting 
bolt to allow it to fit 
below the top of the box. 
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6.5mm spade connectors. 

Probably the easiest and safest way 
to connect the transformer is to mount 
a chassis-mounting IEC male connector 
in the box, because it has 4.8mm spade 
lugs on the back. 

The type we used has an integrated 
fuseholder, even though the trans- 
former has a self-resetting thermal fuse, 
a supply of this type could do quite a 
bit of damage before that fuse trips. 

We secured a 70 x 40mm L-shaped 
piece of fibre insulation under one of 
the IEC socket nuts to act as a barrier 
between the mains and low voltage 
sections of the supply. 


Second power switch 

As we mentioned earlier, a power 
switch is not really needed on the 
transformer box but it could be handy if 
you want to mount the Party Strobe up 
high and run it from the power supply 
down low. So we fitted a mains-rated 
power switch as well. 

It is essential that the metal box is 
earthed back to the mains earth (ie, 
via the 4.8mm male earth lug on the 
IEC connector). The earth wire must 
securely connect to the case via a 
crimped lug held in place by a suitable 
screw, nut and shakeproof washer. 

Even if mounted in a plastic box, 
the main bolt holding the transformer 
in place must be similarly earthed 
because this bolt can be touched from 
outside the box. 

It was easiest to cut the spade con- 
nectors off the secondary wires and 
secure them in a terminal block. The 
secondaries are connected in series 
— the two black wires are joined (but 
don’t connect to anything else) while 
the 24VAC is taken from the red and 
white wires. 

Because we are only dealing with 
low voltage and reasonably low cur- 
rent, the cable from the power supply 
box to the Party Strobe itself could be 
figure-8 or a similar gauge 2-wire lead. 
Length shouldn’t be a major problem — 
we'd suggest 10m or so should be fine. 

Note that we have a 2-way terminal 
block for AC input on our prototype but 
the final version has a 3-way terminal 
with the centre unused, so you can 
join the transformer secondaries here 
if you wish. 

Do not be tempted to use mains lead 
(ie, brown, blue and green/yellow) 
for the inter-connection — mains lead 
should be used for mains and nothing 
else. 
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Parts list - LED Party Strobe 


1 double-sided PCB, coded 16101141, 95 x 49.5mm 

1 SPDT PCB-mount right-angle toggle switch (S1) (eg, Altronics $1320) 
1 medium sized LED floodlight housing (Oatley Electronics). 
1 3-way terminal block (CON1) 

1 2-way terminal block (CON2) 

1 PCB-mount DC socket (optional; replaces CON1) 

1 3-way pin header (JP1) with 2-pin shorting block 

1 2-way pin header (JP2) with 2-pin shorting block 

1 6073B-style heatsink 

4 M3 x 6mm machine screws and nuts 

1 short length tinned copper wire 

1 knob to suit VR1 


Semiconductors 

1 7555 CMOS timer (1C1) 

1 BC337 NPN transistor (Q1) 

1 BC327 PNP transistor (Q2) 

1 IRF540N Mosfet (Q3) 

1 high-brightness white LED array, 20-100W (eg Oatley Electronics 100W) 
1 3mm green high-brightness LED (LED1) 

1 3mm blue LED (LED2) 

4 1N5404 3A diodes (D1-D4) 

2 1N4148 signal diodes (D5,D6) 

1 1N4004 1A diode (D7) (optional, for motor speed control) 
2 15V 1W Zener diodes (ZD1,ZD2) 


Capacitors 

1 1000.F 50V electrolytic 

1 100uF 25V electrolytic 

1 330nF MKT (code 334, 330n or 0.33uF) 
3 100nF MKT (code 104, 100n or 0.1uF) 


Resistors (0.25W, 1% unless otherwise stated) 

1 220kQ (code red red yellow brown or red red black orange brown) 

1 100kQ (code brown black yellow brown or brown black black orange brown) 
1 22kQ (code red red orange brown or red red black red brown) 

2 3.3kQ.0.5W (code orange orange red brown or orange orange black brown brown) 
1100 (code brown black black brown or brown black black gold brown) 

1 1MQ linear 9mm potentiometer (VR1) 


Power Supply box 

1 200VA toroidal transformer, secondaries 12V + 12V with mounting hardware 

1 aluminium or steel box, at least 120 x 150 x 60mm (eg Jaycar HB-5444) 

1 IEC mains lead 

1 IEC male chassis-mounting mains socket with integrated M205 fuseholder 

1 2A M205 slow-blow fuse 

1 3-way terminal block 

1 mains-rated panel mounting SPST power switch, min 3A contacts 

1 2.5mm DC power socket, chassis-mounting 

1 2.5mm DC power plug 

1 length (to suit) figure-8 or other 2-wire cable (supply to strobe head) 

1 100mm length heavy duty hookup wire fitted with 4.8mm insulated female spade 
connectors 

1 50mm length earth wire (green or green/gold) fitted with 4.8mm female spade 
connector one end and 5mm crimped earth lug (box earth lead) the other 

1 M4 x 20mm screw with two nuts and star washer (box earth) 

3 M3 x 10mm screws with nuts 

1 70 x 40mm fibre insulation sheet (eg Elephantide) bent into “L” shape 

2 cable ties (to secure mains wiring) 

Heatshrink tube scraps to cover the “bitey bits” 
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Back in the early days of strobes, considerable research was undertaken when it was 
found that some people suffered epileptic episodes with flashing lights. 

It’s called photosensitive epilepsy. 

Usually, the people affected were those who had some pre-disposition to epilepsy. 
Unfortunately, some had no idea that they were in the danger group. Fortunately, these 
days much more is known about the disorder and most people are on some form of 
drug regimen to control attacks. 

Not all people suffering from epilepsy will suffer photosensitive epilepsy — apparently, 
it’s only about one in twenty or even less. 

And it’s not just strobe lights which cause it: back in 1997, the game “Pokemon” caused 
a sudden spike in episodes when they brought out a game which flashed! It can also be 
caused by many other forms of repititon — even driving pasta paling fence, for instance! 

Most people in the danger group will already know about it and make sure they don’t 
subject themselves to triggers. Tightly shutting and covering the eyes is a good “first 
line of defence”. 

But when using the LED Party Strobe, if you find that anyone suffers from either an 
epileptic episode, or partially or completely feints, feels disoriented, giddy or generally 
unwell, turn the strobe off and ensure that the person is taken outside the sphere of 
influence (ie, where flashes cannot be seen, even at a distance) before any further use. 


In the event of a full seizure, treat as you would for any epileptic episode: 


Stay calm 


Prevent injury. During the seizure, you should exercise your common sense by insur- 
ing there is nothing within reach that could harm the person if he or she struck it. 


Pay attention to the length of the seizure. 


Make the person as comfortable as possible. 

Keep onlookers away — gawkers and do-gooders are definitely not welcome! 

Do not hold the person down. If the person having a seizure thrashes around there is 
no need for you to restrain them. Remember to consider your safety as well. 

Do not put anything in the person’s mouth. Contrary to popular belief, a person hav- 
ing a seizure is incapable of swallowing their tongue so you can breathe easy in the 
knowledge that you do not have to stick your fingers into the mouth of someone 
in this condition. They are more than capable of biting down hard on your fingers. 

Do not give the person water, medication or food until fully alert. 

If the seizure continues for longer than five minutes, call 000. 

Be sensitive and supportive, and ask others to do the same. 


Just one point to keep in mind: it 
won't affect operation, but one side of 
the 24V AC mains is earthed via the 
case. (This only normally matters if 
you want to take scope imates). 


Testing 

First check the output from your 
transformer box — it should be around 
24VAC. If it is zero, you’ve made a 
mistake somewhere (eg, connected 
the two transformer windings out of 
phase) or perhaps you’ve blown the 
fuse in the IEC connector. You did put 
a 5A M205 fuse in the IEC connector, 
didn’t you?!!! 

At the head end, check your compo- 
nent placement, polarity and soldering 
and if everything is correct, connect 
the 24VAC from your transformer, 
with S2 (the operate switch) off and 
both jumper shunts off. With S1 on, 
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you should have around 30-32V DC 
between the cathodes of D1/D2 and 
the anodes of D3/D4. 

Now turn S2 on and check that LED1 
lights and that you have 15V DC be- 
tween pins 8 and 1 of IC1 (or between 
the collectors of Q1 and Q2). 

If all checks out correctly, place one 
jumper shunt across the “VF” (variable 
frequency) pair of JP1 (leave the other 
shunt off) and you should also find 
that you have quick flashes from LED2, 
with the rate varying as you vary the 
potentiometer (VR1) 

Now all that’s left is to switch it 
off, connect the LED array to CON2 
(anode to top) and briefly switch on 
to prove it works! Don’t look directly 
at the LED array, nor leave it running 
for more than, say, a second because 
the LED array needs to be mounted on 
a heatsink. 


Incidentally, if you get the connec- 
tions to the LED array back to front, 
you won't do any harm. 


Mounting in the 
floodlight enclosure 

Solder wires to the LED array as 
shown, determining which is the an- 
ode (+) and which is the cathode (-) 
from our photos. 

There are six holes drilled in the 
front of the enclosure. Four are tapped 
(M3) and suit the LED array while the 
other two are to pass the wires through 
to the back. 

First apply a generous dollop of 
heatsink compound to the back of the 
LED array and then screw it in position 
using the M3 4-6mm screws supplied. 
Make sure the LED array is tight down 
on the surface. 

Feed the two wires through the other 
holes and turn the enclosure over. 
Mount the PCB on the four tapped 
pillars provided and connect the wires 
from the LED array to CON2 (shorten 
them as required). For the moment, 
connect your 24VAC supply wires to 
CON1 and switch on. OK, it all works. 

Now we need to drill a hole in the 
enclosure rear cover to suit the po- 
tentiometer shaft. Mark the position 
on the cover as accurately as possible 
and drill this out to suit the pot shaft 
(usually about 6-7mm). 

There is already a hole in the cover 
for the power wires to enter — indeed, 
the box should also contain a gland to 
help keep it watertight. 

Finally, disconnect power again and 
connect the LED array wires to their 
respective positions on CON2. 


Finishing off 

Fit the reflector to the front of the 
housing with the screws provided and 
remove the protective film. Then screw 
the glass cover to the housing, making 
sure you first put the seal underneath it. 

Similarly, fit the cover to the back of 
the housing (ie, over your PCB) again 
with its seal. Place the knob on the shaft 
and your Party Strobe is ready to use. 

One warning: don’t touch the LED 
array. It gets hot — and the oil on your 
skin probably won't do it a great deal 
of good! SC 





The LED array, housing and 200VA 
12V+12V toroidal transformer used in 
this project all came from Oatley Elec- 


tronics — www. oatleyelectronics.com 
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PCBs and other hard-to-get components available now direct from the SILICON CHIP ONLINESHOP 


NOTE: PCBs from past 12 months projects only shown here but there are boards going back to 2001 and beyond. 
For a complete list of available PCBs, back issues, etc, go to siliconchip.com.au/shop 





THE CHAMPION PREAMP and 7W AUDIO AMP (one PCB) JAN 2013 = 01109121/2 $10.00 
GARBAGE/RECYCLING BIN REMINDER JAN 2013 19111121 $10.00 
2.5GHz DIGITAL FREQUENCY METER — MAIN BOARD JAN 2013 = 04111121 $35.00 
2.5GHz DIGITAL FREQUENCY METER — DISPLAY BOARD JAN 2013 = 04111122 $15.00 
2.5GHz DIGITAL FREQUENCY METER — FRONT PANEL JAN 2013 = 04111123 $45.00 
SEISMOGRAPH MK2 FEB 2013 =. 21102131 $20.00 
MOBILE PHONE RING EXTENDER FEB 2013 = 12110121 $10.00 
GPS 1PPS TIMEBASE FEB 2013 = 04103131 $10.00 
LED TORCH DRIVER MAR 2013 16102131 $5.00 
CLASSIC DAC MAIN PCB APR 2013 = 01102131 $40.00 
CLASSIC DAC FRONT & REAR PANEL PCBs APR 2013 =—-01102132/3 $30.00 
GPS USB TIMEBASE APR 2013 = 04104131 $15.00 
LED LADYBIRD APR 2013 = 08103131 $5.00 
CLASSIC-D 12V to +35V DC/DC CONVERTER MAY 201311104131 $15.00 
DO NOT DISTURB MAY 201312104131 $10.00 
LF/HF UP-CONVERTER JUN 2013. 07106131 $10.00 
10-CHANNEL REMOTE CONTROL RECEIVER JUN 2013 15106131 $15.00 
R-T0-455MHZ UHF TRANSCEIVER JUN 2013 = 15106132 $7.50 
“LUMP IN COAX” PORTABLE MIXER JUN 2013 01106131 $15.00 
LIL PULSER MKII TRAIN CONTROLLER JULY 2013. 09107131 $15.00 
L'IL PULSER MKII FRONT & REAR PANELS JULY 2013 09107132/3 — $20.00/set 





REVISED 10 CHANNEL REMOTE CONTROL RECEIVER JULY 2013 = 15106133 $15.00 
INFRARED TO UHF CONVERTER JULY 201315107131 $5.00 
UHF TO INFRARED CONVERTER JULY 2013 = 15107132 $10.00 
IPOD CHARGER AUG 2013 = 14108131 $5.00 
PC BIRDIES AUG 2013 08104131 $10.00 
RF DETECTOR PROBE FOR DMMs AUG 2013 =—-04107131 $10.00 
BATTERY LIFESAVER SEPT 2013 = 11108131 $5.00 
SPEEDO CORRECTOR SEPT 2013 05109131 $10.00 
SiDRADIO (INTEGRATED SDR) Main PCB OCT 2013 = 06109131 $35.00 
SiDRADIO (INTEGRATED SDR) Front & Rear Panels OCT 2013 = 06109132/3  —$25.00/pr 
TINY TIM AMPLIFIER (same PCB as Headphone Amp [Sept11]) OCT 2013 =01309111 $20.00 
TINY TIM POWER SUPPLY DEC 2013 = 18110131 $10.00 
AUTO CAR HEADLIGHT CONTROLLER OCT 2013 = 03111131 $10.00 
GPS TRACKER NOV 2013 = 05112131 $15.00 
STEREO AUDIO DELAY/DSP NOV 2013 01110131 $15.00 
BELLBIRD DEC 2013 =: 08112131 $10.00 
PORTAPAL-D MAIN BOARDS DEC 2013 =: 01111131-3 — $35.00/set 
(for CLASSiC-D Amp board and CLASSiC-D DC/DC Converter board see Nov 2012/May 2013) 

LED PARTY STROBE (also suits Hot Wire Cutter [Dec 2010]) JAN 2014 16101141 $7.50 
BASS EXTENDER Mk2 JAN 2014 = 01112131 $15.00 
LI'L PULSER Mk2 Revised JAN 2014 =: 09107134 $15.00 


Prices above are for the Printed Circuit Board ONLY - NO COMPONENTS ARE INCLUDED! P&P for PCBS (within Australia): $10 per order (ie, any number) 





As a service to readers, SULICON CHIP ONLINESHOP stocks microcontrollers and microprocessors used in new projects (from 2012 on) and some 


selected older projects - pre-programmed and ready to fly! 


PIC12F675-I/P UHF Remote Switch (Jan09), Ultrasonic Cleaner (Aug10), 

Ultrasonic Anti-fouling (Sep10), Cricket/Frog (Jun12) Do Not Disturb (May13) 
IR-to-UHF Converter (Jul13), UHF-to-IR Converter (Jul13) 

PC Birdies *2 chips — $15 pair* (Aug13) 

Wideband Oxygen Sensor (Jun-Jul12) 


Hi Energy Ignition (Nov/Dec12), Speedo Corrector (Sept13), 
Auto Headlight Controller (Oct13) 


Projector Speed (Apr11), Vox (Jun11), Ultrasonic Water Tank Level (Sep11), 
Quizzical (Oct11) Ultra LD Preamp (Nov11), 10-Channel Remote Control 
Receiver (Jun13), Revised 10-Channel Remote Control Receiver (Jul13) 


Garbage Reminder (Jan13), Bellbird (Dec13) 
LED Ladybird (Apr13) 


6-Digit GPS Clock (May-Jun09), Lab Digital Pot (Jul10) 
Semtest (Feb-May12) 


Batt Capacity Meter (Jun09), Intelligent Fan Controller (Jul10) 
USB Power Monitor (Dec12) 
GPS Car Computer (Jan10), GPS Boat Computer (Oct10) 


PIC16F1507-1/P 
PIC16F88-E/P 


PIC16F88-1/P 


PIC16LF88-1/P 
PIC16LF88-1/SO 
PIC16F877A-I/P 


PIC18F2550-1/SP 
PIC18F45K80 
PIC18F4550-1/P 


RF Probe All SMD parts (Aug13) $5.00 
G-FORCE METER/ACCELEROMETER Short form kit (Augi1/Nov11) —@4650 $40.00 
(contains PCB (04108111), programmed PIC micro, MMA8451Q accelerometer chip and 4 Mosfets) 
DIGITAL SPIRIT LEVEL Short form kit (Aug11/Nov11) —34450 $40.00 
(contains PCB (04108111), programmed PIC micro, MMA84510 accelerometer chip and 4 Mosfets) 


CLASSIC DAC Semi kit (Feb-May13) $45.00 
Includes three hard-to-get SMD ICs: CS8416-CZZ, CS4398-CZZ and PLL1708DBQ plus 

an accurate 27MHz crystal and ten 3mm blue LEDs with diffused lenses 

“LUMP IN COAX” MINI MIXER SMO parts kit: (Jun13) 

Includes: 2 x OPA4348AlID, 1 x BQ2057CSN, 2 x DMP2215L, 1 x BAT54S, 1 x 0.22Q shunt 
LF-HF UP-CONVERTER SMD parts kit: (Jun13) 

Includes: FKO-HC536R-125 and SAGO2AD and all SMD passive components 
ISL9V5036P3 IGBT (Nov/Dec12) 

As used in high energy ignition and Jacob's Ladder (Feb13) 

2.5GHz Frequency Counter 3 x 4-digit blue LED displays (Dec12/Jan13) 

ERA-2SM+ Wideband MMC and ADCH-80+ Wideband Choke 

IPP230NO6L3 N-Channel logic level Mosfets 

As used in a variety of Siticon Cui Projects (Pack of 2) 


$20.00 
$15.00 
$10.00 
$15.00 


$5.00 


LOOKING FOR TECHNICAL BOOKS? YOU'LL FIND THE COMPLETE LISTING OF ALL BOOKS AVAILABLE IN THE SILICON CHIP ONLINE BOOKSTORE - ON THE “BOOKS & DVDs” PAGES OF OUR WEBSITE 





Some micros from copyrighted and/or contributed projects may not be available. 


PIC18F14K50 USB MIDIMate (Oct11) 
PIC18F27J53-1/SP USB Data Logger (Dec10-Feb11) 
PIC18LF14K22 Digital Spirit Level (Aug11), G-Force Meter (Nov11) 


P1IC18F1320-1/SO Intelligent Dimmer (Apr09) 

PIC32MX795F512H-801/PT Maximite (Mar11), miniMaximite (Nov11), Colour Maximite (Sept/Oct12) 
PIC32MX250F128B-I/SP GPS Tracker (Nov13) 

PIC32MX470F512H-I/PT Stereo Audio Delay/DSP (Nov13) 


dsPIC33FJ128GP802-I/SP Digital Audio Signal Generator (Mar-May10), Digital Lighting Controller 
(Oct-Dec10), SportSync (May11), Digital Audio Delay (Dec11) Level (Sep11) 
Quizzical (Oct11), Ultra-LD Preamp (Nov11), LED Musicolor (Nov12) 


Induction Motor Speed Controller (revised) (Aug13) 
CLASSIC DAC (Feb-May 13) 


dsPIC33FJ64MC802-E/P 
dsPIC33FJ128GP306-1/PT 


ATTiny861 VVA Thermometer/Thermostat (Mar10), Rudder Position Indicator (Jul11) 
ATTiny2313 Remote-Controlled Timer (Aug10) 
ATMega48 Stereo DAC (Sep-Nov09) 


ZXCT1009 Current Shunt Monitor IC 
As used in DCC Reverse Loop Controller/Block Switch (Pack of 2) 
LF-HF Up-converter Omron G5V-1 5V SPDT 5V relay 


SMD parts for SiIDRADIO (Oct13) 
Same as LF-UF Upconverter parts but includes 5V relay and BF998 dual-gate Mosfet. 


GPS Tracker (Nov13) 
MCP16301 SMD regulator IC and 15H inductor 


STEREO AUDIO DELAY 
WM8731 DAC IC and SMD capacitors. 


TENDA USB/SD AUDIO PLAYBACK MODULE (TD896 or 898) (Jan12) 
JST CONNECTOR LEAD 3-WAY (Jan12) 
JST CONNECTOR LEAD 2-WAY (Jan12) 


RADIO & HOBBIES ON DVD-ROM (Needs PC & reader to play!) n/a 


(Oct12) $5.00 


(Junet3) $2.00 


$20.00 


$5.00 


(Nov13) 


$20.00 


$33.00 
$4.50 
$3.45 


$62.00 


ORDERS FOR PCBs, COMPONENTS ETC MAY BE COMBINED FOR $10-PER-ORDER P&P RATE 
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S¢ LI'L PULSER MK2 CREVISED) 


Fig.1: this circuit diagram shows the required changes to the original Li’] Pulser Mk.2 









circuit in orange. Note that Q6 and its associated base divider resistors are only added 1N4148 
as a ‘belts and braces’ measure if you are building the revised PCB (see text & Fig.3). a 






Li BulSeraMK2-aixing 
therswitch-ofnmluUhcChiere tt 


Our new Li’! Pulser Model Train Controller, described in the July 
2013 issue, has been very popular but a design flaw has become 
apparent. At switch-off, any locomotive(s) on the track can suddenly 


lurch forward, even if they are stationary at the time. This is 
regardless of the position of the speed control knob and the brake 
switch. Here’s the cure. 
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OVERCURRENT 


BC327, BC337 








LEDS 
1N4004, FR607 K 
fe 
A K A 


F YOU’VE BUILT the Li’l Pulser 

Mk.2, then you'll want to fix the 
switch-off flaw. The magnitude of the 
effect varies, depending on how the 
unit is switched off (via its front panel 
controls or the mains power supply), 
what type of supply is being used, the 
types of locos involved and so on. It 
can range from a minor issue to one 
serious enough to cause derailment. 

While this can be solved by taking 
the locos off the track or disconnecting 
the controller from the track before 
switching it off, that’s inconvenient. 
So we set about figuring out why this 
was happening and how to fix it. 


The cause 
Take a look now at the circuit of 


siliconchip.com.au 


Fig.1. This shows the relevant sections 
of the original circuit published in the 
July 2013 issue but with a number of 
changes shown in orange. 

Ignore the changes for the moment 
while we discuss the problem and how 
it occurs. Comparator IC3b generates 
the PWM waveform to drive Mosfet 
Q1, which switches the supply voltage 
to the tracks, controlling how much 
power the locos receive. This works by 
comparing a 160Hz triangle waveform 
to a control voltage, with the control 
voltage indicating the desired loco 
speed; the higher the control voltage, 
the higher the output PWM duty cycle 
and thus the higher the motor speed. 

The control voltage is low-pass fil- 
tered by an RC network, to prevent it 


LL 
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from changing too rapidly and also to 
simulate train inertia. The amount of 
filtering applied depends on whether 
or not the inertia switch is on and the 
position of inertia control pot VR4 
but regardless, there is always some 
filtering of this signal. 

When the unit is switched off and 
its power supply capacitors discharge, 
the power supply to the op amp gen- 
erating the triangle signal collapses 
and so the triangle signal’s voltage 
drops rapidly. But this filtering of 
the control signal causes the control 
voltage to drop much more slowly. In 
other words, the 47u1F capacitor at pin 
5 of comparator IC3b remains charged 
for some time after power is removed. 

This means that at switch-off, the 
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Fig.2: here’s how to make the changes to the original PCB to eliminate the switch-off 
lurch. The changes are all indicated in red and are easy to do (see text). 


control voltage rises relative to the 
triangle waveform (by dint of the 
triangle voltage dropping) and so the 
PWM duty cycle increases until it 
reaches 100%. It stays at 100% until 
the power supply has collapsed to the 
point where there is no longer suffi- 
cient voltage to turn the Mosfet on, at 
around 3-4V. This can take a significant 
fraction of a second. 

During that time, the full input sup- 
ply voltage, typically around 17V, is 
applied across the tracks. Hence the 
sudden jerk from the locomotive(s). 

This can happen regardless as to 
whether the Li’l Pulser’s power switch 
(S4) is thrown or its power supply is 
turned off at the mains outlet but it 
tends to be worse when switched off 
via S4. That’s because if the supply 
is switched off at the wall, the Li’l 
Pulser’s input capacitors remain in 
parallel with its output capacitors 
and so the supply voltage drops more 
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slowly. Depending on that amount of 
capacitance, the supply voltage may 
drop slowly enough that the control 
voltage drops as fast or faster, prevent- 
ing any output pulses. 


The solution 


We have taken a two-pronged ap- 
proach to solving this. The first set 
of modifications pretty much elimi- 
nates the jerking and can be easily 
applied to existing PCBs. We have 
also produced a revised PCB which 
incorporates these changes and will 
supply this to new constructors. The 
revised board also incorporates a few 
extra components which provide fur- 
ther protection against a switch-off 
pulse when power is switched via S4, 
which as described above, tends to be 
the worst case. 

These circuit changes are shown in 
orange on Fig.1, as noted above. First, 
we have taken the power-up reset 





circuit, based around op amp [C2c 
and converted it into an under-voltage 
lock-out, which still also performs the 
original reset function although by a 
different means. 

Originally, an RC filter from the 12V 
rail, connected to pin 10 of IC2c, pro- 
vided a time delay. This was compared 
against a reference voltage at pin 9, 
which was derived from the outputs 
of the min/max speed buffer op amps 
IC2a & IC2b. This is the same refer- 
ence voltage used by op amp IC2d (at 
pin 12) to time the switch-over of the 
reversing relay. 

In operation, some time after power- 
on, reset is asserted and Mosfet Q1 is 
held off until the capacitor at pin 10 
charges to a higher voltage than the 
reference. The reset is then released 
and normal operation begins. 

For the new circuit, we drastically 
reduced that capacitor value from 10uF 
to 10nF, effectively eliminating the 
time delay. Instead, 8.2V zener diode 
ZD2 plus the voltage divider formed by 
the 470kQ resistor and an additional 
220kQ resistor prevent the reset from 
being released until the power supply 
voltage has risen past about 11V. This 
takes some time (for the supply capaci- 
tors to charge, etc) so despite the much 
smaller capacitor value, there is still a 
reset delay at start-up. 

This 11V threshold must be reason- 
ably accurate; it has to be below the 
minimum supply voltage, or else reset 
will not be released at power-up. At 
the same time, it can’t be too far below 
the supply voltage as we want reset to 
occur shortly after switch-off, before 
any unwanted output pulses can be 
delivered to the tracks. 

To this end, we have changed the 
reset reference voltage from one which 
varies depending on the positions of 
VR2 and VR3 to a fixed 1.09V (nomi- 
nal) derived from an existing divider 
across the 12V rail (10kQ/1kQ). Pin 10 
must rise above this voltage in order 
for the reset to be released and since 
the 470kQ and 220kQ resistors form 
a roughly 2:1 divider, that sets the 
threshold at 8.2V + 1.09V x (470kQ + 
220kQ) + 220kQ = 11.6V. 

In practice, at the low current it is 
being operated, ZD2 will be at the low- 
er end of its breakdown voltage range, 
so the actual threshold will tend to be 
closer to 11V. The minimum output of 
REG1 is 11.4V but also consider that 
the 1.09V reference is derived from the 
supply voltage and so the threshold 
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1 8.2V zener diode (ZD2) 

1 10nF MKT capacitor 

1 470kQ 0.25W resistor 

1 220kQ 0.25W resistor 

1 100Q 0.25W resistor 

1 short length light duty hook-up 
wire 


RartsitistiGhanges 


FomRevisediRGB 


Additional parts 

1 BC337 NPN transistor (Q6) 
1 8.2V zener diode (ZD2) 

1 10nF MKT capacitor 

1 220kQ 0.25W resistor 

1 100kQ 0.25W resistor 

1 10kQ 0.25W resistor 

1 100Q 0.25W resistor 


Deleted part 
1 10uF electrolytic capacitor 





drops somewhat if the supply is on 
the low side. 

Now since the 10nF capacitor only 
provides a very short delay (with a time 
constant of 10ms) and witha threshold 
of about 11V, once the unit is switched 
off, the 12V supply doesn’t have to 
drop by much before it enters the reset 
state which forces Q1 to stay off while 
the supply voltage decays to zero. 


Making the changes 


We made these changes to our 
prototype and it no longer causes any 
noticeable motor pulse at switch-off. 
Fig.2 shows what is required. Start 
by removing the 470kQ resistor to the 
right of IC3, the 10kQ resistor directly 
below it and the 10uF electrolytic 
capacitor to the left of S1. 

Since it’s a double-sided board, it 
has plated through-holes so the easiest 
way to remove the resistors is to clip 
their leads off close to the body, then 
pull the stubs out with pliers while 
heating the solder joints. The holes can 
then be cleared with a solder sucker. 
The electro can be rocked out while 
heating the pads and gently pushing 
on the body and its mounting holes 
cleared of solder too. 

Next, cut the track to pin 9 of IC2, 
on the underside of the board (shown 
in Fig.2 with a red ‘x’). Fit a fresh 
470kQ resistor and ZD2 to the pads 
originally used for the 470kQ resistor, 
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Fig.3: follow this parts layout diagram if you’re building a new unit using the revised 
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PCB (09107134). This version also adds transistor Q6 and two associated resistors. 


with the cathode of ZD2 to the top of 
the board and ‘air wire’ them together. 
The 100Q resistor and 10nF capacitor 
can be fitted as usual, with the added 
220kQ resistor wired across the new 
capacitor under the board. 

Finally, run a short length of in- 
sulated wire (eg, Bell wire or Kynar) 
under the board, from the now-isolated 
pin 9 of IC2 to the top-most pad of 
VR7. 

When you reassemble and test the 
unit, you should find that it now oper- 
ates as before but without the switch- 
off pulse from the motor(s). If the unit 
fails to operate, check the voltages at 
pins 9 & 10 of IC2. Pin 10 should have 
a slightly higher voltage when power is 
applied; it’s unlikely that it won’t but 
if not, you may need to change ZD2 
to the next lowest voltage (eg, 7.5V). 


New PCB & further changes 


To make it easier for new construc- 
tors, we can now supply a revised 


PCB for the Li’l Pulser, incorporating 
all the modifications. This new PCB is 
coded 09107134 and is available via 
the SILICON CHIP Online Shop. 

Fig.3 shows the overlay diagram 
for the revised PCB. You will need to 
refer to the original assembly notes in 
the July 2013 issue when building it. 

In addition to the above changes, we 
have also added NPN transistor Q6 and 
two more resistors so that as soon as 
S4 is switched to the off position, Q6 
turns on and rapidly discharges the 
47uF control voltage filter capacitor, 
so there is no possibility of an output 
pulse regardless of how quickly the 
under-voltage lock-out circuit kicks in. 

This is a bit of a ‘belts and braces’ 
approach, ie, it isn’t totally necessary 
but it provides some extra cheap insur- 
ance against any sort of output pulse 
being delivered to the tracks. 

With these changes the unit will 
now behave itself at switch-off but 
otherwise operate identically. Se 
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Go-Pro? No! But just 
as good we think. 


1080p HD Sports Action Camera Pack 


* Sensor rotates to keep horizon level * HDMI * Water 
resistant ¢ In-built screen * Uses Nokia phone Li-ion bat- 
teries (2 included) - recharge via USB/car adaptor 

* Includes brackets & straps for helmets, bikes etc. 


Also features a 8 in 
1 learning remote! 






Wireless Keyboard With Trackpad 


Compact handheld design with full qwerty keyboard and 
trackpad. Great for browsing the web on your big screen. Or 
text chatting on PS3 or Xbox360. Includes 2.4GHz USB 
dongle. Requires 2xAAA batteries 


Ask about our 
handy work 
stands to suit! 


Light up the back yard with these 

super bright outdoor LED floodlights. 

This new range make great work lamps for renovators, or 
simply adding a light to the back of your ute or service van 
for when you need it! All metal construction, fully sealed and 





weatherproof. 

OW 12V DC (115x135x84mm) | X2310 | $34.95 | 
| 1OW 240V AC (115x135x84mm) | X2312 | $42.50 | 
“OW 240V AC (182 x 158x 105mm) | X2314 | $78.95 | 
“20W 12VDC (182x158x 105mm) | X2316 | $59.95 _ 


| 50W 240V AC (288 x 238 x 150mm) oe x 2318 


O 





> Tip has inbuilt 


LED lamp. 


T 2699 


Amazing USB Powered Soldering Iron! 

This lightweight unit is perfect for occasional soldering 
jobs with surprisingly good performance. Includes adaptor 
for running from a 9V battery and sponge. Fitted with 
ultrafine tip capable of temperatures up to 896°C! 
Check out the YouTube video online. 


T 2178 


Changes 
jaws in 
seconds! 





Every crimp tool you’ll ever need in one kit! 
With 10 sets of magnetic jaws to suit all manner of plugs, 
including; insulated kwik crimps, uninsulated lugs, tele- 
phone spade lugs, shoelace ferrules, RG58, RG59 RG62 
and RG6 coax crimps D-Sub pins and 4,6 and 9 pole RJ 
plugs. Check out the YouTube video online. 























Get a closer look with a 


USB microscope camera! 
Great for electronic inspection; 
educational or visual aid (reads 
fine print with ease!) * 400x 
zoom * 1.3mp sensor * LED 
lighting © Still shot function 
* Focuses down to 5cm! 


Also great fun for the kids! 


X 4301 1.3mp 400x 
X 4300A 2mp 200x 


Super Sturdy Tool Case 
Aluminium panels with reinforced 
corners & seams. Locking 
latches. Customisable inner 
foam. 330x230x90 mm. 


| Top Value New Year Deals... 





» Springvale VIC: 891 Princes Hwy » Auburn NSW: 15 Short St » Perth WA: 174 Roe St 
» Balcatta WA: 7/58 Erindale Rd » Cannington WA: 6/1326 Albany Hwy 






ee, [ranean antennae 





Lowest price ever, 
stocks will not last! 


See Inside Walls, Pipes & Conduits... 


Great for accessing difficult spots such as wall cavities, ceiling 
spaces, pipework & industrial machinery. Screen fitted with re-charge- 
able battery (charger included). Requires 4xAA batteries for camera. 


) 


Great for 
builders 
& estate 
agents! 
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Get an accurate 
measurement in seconds! 
This laser tape measure provides 
an instant ‘one touch’ measure- 
ment - up to 30m. Plus area cal- 
culation modes. Requires 2xAAA 
batteries. +3mm accurate 





18 Range LCR Meter 
This precision LCR meter is per- 
fect for developing audio cross- 
overs, switchmode power sup- 
plies, & RF circuits. Test leads, 
carry case and holster included 


Pa 


Super Value 5 Channel Audio Mixer / 


Compact & easy to use audio mixer. Fantastic for schools, A 2554 
theatre groups, houses of worship etc. With 5 channels accepting up 
to 11 input sources. Also features 3 band EQ, channel volumes, 
crossfader & VU meters. 240V operation. 


Sure to provide years of trouble free service! 





| 
| 
| 
| 
| 
| 
i 
| 
| 





Protek® Professional 20MHz 4 Trace Oscilloscope 

We evaluated several cheaper alternative oscilloscopes to offer our 
customers better value. Unfortunately all we found were sub standard 
units. So we went back to the ever reliable Protek®, truly a step above 
the rest. Full specs online. Includes 2 test probes. 2 year warranty. 



















25 year output warranty. 
5 year workmanship warranty. 





Top Quality Solar Panels 

Ideal for remote or mobile power applications 
Aluminium frames, waterproof junctions, tem- 
pered glass panels. Detailed specs online. 


_ Wattage w | | Part RRP 


| SW (12V) /N0008C $22.95 | 


| 10W (12) i N0010C _ $42. 35 


/ 20W ( 12v) oN 0020¢ © $85. 








| 40w (12) 


0040 | ~ $159 


6ow (12V) N 0060C “$199 





"gow (12v) | NoOBOC | $245 


| 120W (12V) | No120¢ ~ $299 


| 120W (24V) | "NO124 | $399 


" 180W (24) N0180 $399 





High Current 3.5A 
Dual USB Charger 


! ‘Great for 
keeping your phone, tablet 
or MP3 player charged. 






With surge 
protection 


M 8894 


High Current USB Double Adaptor 


S| 5 tablet . Mains 
surge circuitry protects your expensive 
appliances from damaging spikes/ surges. 


Handy Car 
USB Adaptor 
Stay charged up on 
the road! Max 2A. 





Buy two 
for $16 “86234 


& Follow @AltronicsAv 


£ www.facebook.com/Altronics Hotlines: 








Light Up the New Year! 

















































HUGE i Easy Feature Lighting for your Home or Car! 
| Great for lighting shelving, cabinets, steps etc. Gang up to 80 of 
these flexible LED light strips together. Each 300 x 10mm strip features 
12 high brightness LED's. Includes power supply cable. IP64 
beaseabaited Requires 12VDC ere per shania 
en HALF PRICE ON 


Colour “Pat | RRP | Now. | ALL MODELS! 










|| Red "Xx 2550A | $19.95 
| [Warm White | X2553B $34.95 
Blue |X 2554A | $19.95 





White X 2555A | $26.95 | 






N 1085 85W N 1140 140W 


Backup Solar Power Anywhere, Anytime! 

An excellent backup power source for those off-road adventures or 
whilst at remote camp sites. In-built 3 stage solar regulator keeps your 
batteries performing at their peak. Fitted with an adjustable stand. 12V 
nominal output. Includes 4m connection lead and carry bag. 


i 














X 2271 Edison 
Screw X 2150 







Long Life LED Globes MR16 1 Watt Globes 
N 0710 ar exc n of CF Ideal for low voltage feature or 
' Fits standard screw fittings - ideal cabinet lighting. 35° beam. 
3 for table lamps. Warm white, 50 lumens. 12V. 
Fol to 
Piixetadel CS 7 Watts (equivalent to 40W bulb). 
of an A4 book. SS ee Slides open into a 
real 16 LED workiam 
the glovebox . 


Stay Charged Up On Your Travels! 

This folding solar panel charger is an ideal way to keep your phone or 
tablet charged when camping, hiking etc. 1OW panel with 1.5A 5V DC 
USB output. Charges a typical smartphone in 2-4 hours (depending on 
conditions). Multiple units can be daisychained for faster charging 


X0211 X 0207 
3 Channel Wireless 

Energy Meter : 
This wireless home energy 
monitor can log power usage on S 
mains outlets around the house 
Includes channel 1 plug in , 
sensor & base station. Extra ; 
sensors sold separately. 30m 

range. Displays usage in kW/h — a 
or $. Requires 3xAA batteries. P 8137 


Solar/Dynamo 


21 L 
Powered LED Torch ne Toreh & Lamp ‘ 
High brightness LED torch with 
« Powered 


| by sol ; j duit a slide out case which houses 
| solar pane! ind up dynamo 
beset P Of wing UB a work lamp. Requires 3xAAA 


* Song life LEDs batteries. 66W x 104Lmm. 








nsors | P8138 Ch. 8 Tpsizo9ch3 | 





Brilliant Battery Powered Portable Work Lights 
LED floodlamps coupled with a rechargeable battery offering up to 12 


— | hours use (=6 hrs for X 2320) away from mains power. Includes work 
Protect Your AV System & Cut Power Consumption! ; _ stand, car charger & plugpack. Great for work sites & service vans. 


Allows a | 





master appliance (ie TV) to switch on/off slave appliances automatically, 


such as receiver, DVD etc. Drastically cuts standby power usage X 2800 


100W Laptop Power Supply 
Old power supply kaput? 
No problem! Fitted with 
dual USB outputs. 
Includes mains lead & 

8 tips to suit most laptops. 
Selectable voltages 


a 
(15-24VDC), max 6A/ 100W. ‘al & & ‘al i ae 







M 8996 


Get Your Message Across! 
With this fantastic scrolling message sign - featuring jumbo 
30mm letters! Great for shops, restaurants etc. * Remote control 

¢ Phrase library * Custom programmable * 12V DC input, requires 
M 8934A for mains operation ($26.90). 420mm wide. 


Phone: 1300 797 007 
Express Order Fax: 1300 789 777 A T non Ic S 


www.altronics.com.au BUILD IT YOURSELF ELECTRONICS CENTRE 





















BIG PRICE DROP. ONLY 
WHILE STOCKS LAST 


S$ 9902B 
pictured. 






< 
Just add a hard drive and go! 


Install your own CCTV system and save a fortune! 

Great size for a small business or family home. Simply add a hard drive (see right) and plug it in! Each 

pack includes: * 4 channel H.264 digital video recorder * 4 pro grade cameras * 4x 20m BNC & 

power combo leads * Power splitter lead * Power supply * Easy to follow instructions. 

includes 4 x weatherproof dome cameras. B includes 4 x weatherproof bullet 
includes 2 x bullet cameras & 2 x dome cameras. 


Seagate® Hard Drives To Suit 


cameras. 


D5513A1TB $108 
D5515 2TB $149 












$ 9114D 





Top buy 
Limited Limited under 
stocks! stocks! 100 
S9117A $ 9115C $ 
| 0.001 Lux | 700 line resolution | "Sony sensor [0 Lux | 420 line resolution | 20m IR Range (0 0005 tux | 420 fine res. “| 49mm Varifocal 





Indoor Hi-Res Dome Camera 
* Tough diecast enclosure * Low noise 
picture * M 9272B plugpack to suit $17.95. 


Vandal Resistant IR Dome Camera 


* Tough diecast enclosure * Low noise 
picture * M 9272B plugpack to suit $17.95. 


Vari-Focal Indoor Dome Camera 
* Vandal resistant case * 3 axis adjustable 
bracket * M 9272B plugpack to suit $17.95. 





Ss $9138A 





Weatherproof 
design! 






IP66 Weatherproof! 


S$ 9134A 





intr 
| 420 line | resolution | 49mm focal adj. Remote Control 


Open/Closed LED Sign L 
High brightness long life LED sign with remote 

contro! & flashing mode. Includes power 

supply & hanging chains, Size: 170H x 410W 

x 50Dmm. 


20m IR Range 








Vari-Focal Outdoor IR Camera 
Offers all metal construction for great long 

term outdoor use. IP66 rated with vari-focal 
lens and 30m IR illumination. 12V DC input 


All-Weather Bullet CCD Camera 
* Fully sealed metal enclosure * Day/night 
* M 9272A plugpack to suit $17.95. 


S$ 9430A 





With G-Force sensor 
- records when you 
hit the brakes! 





(120° vi view | “2.5” screen 


Colour Reversing Camera Kit 


| Waterproof camera 





Mini Dashboard Recorder 

* Records video & audio to a 16GB Micro 
SD card (included) * Set and forget auto 
recording * Ideal for fleet vehicles 

* Instant evidence when analysing 
accidents. * Includes software * 640x480 
resolution 


‘All In One’ DVR & Monitor Unit 


Camera fits into the 
number plate recess. Includes a 5m lead. 
Make it wireless with S 8761 2.4GHz 
transceiver kit, $49.95. 








Provides switching, quad processing and record- 
ing functions all in one. Records up to 4 cameras 
(at 25fps max) to an internal hard drive - see 
above. Includes power supply & software. 














Pick up a great 
clearance deal! 


| |Hand Too Savings © 














Combo Wire Stripper & Kwik Crimper 
Combines a ratchet wire stripper, cutting blade 

& kwik crimper in a single tool. Saves space in 

the toolbox! Suits 10-24 AWG cable. 


i 


T 2185 





Mini Precision Screwdriver Set 

Ideal for servicing comms & digital devices etc. 
Features a driver handle & 19 interchangeable, 
pozi, hex, torx and blade tips. 


i 
i 





Ergonomic Handle Screw Drivers 
Chrome vanadium shaft with soft rubber handle. 
Great for every day use on the workbench. 















| Phil #2 


— ae 


| Flat 3. 2mm 






Flat 6mm 






























| Heavy Duty 1000V 

| Rated Plier Set 

i Includes T 2860 8” pliers, T 2865 6” sidecutters 
| and T 2870 8” long nose pliers. A must have for 
| electricians. Drop forged steel with comfortable 

| rubberised grips. 















T 2760 T 2770 T 2780 















Precision 
Electronics Plier Set 
Includes T 2760 long nose pliers, T 2780 curved 
long nose pliers & T 2770 flat face long nose 
pliers. 140mm long. A toolbox essential! 















Our Build It Yourself Electronics Centres... 


Dy SF: (er-ue- a s'/Wergnets) geet Rd » seas WA: 6/ 1326 Albany Hwy 





ALTRONICS 





Resellers 


WESTERNAUSIRALIA 
___ Esperance Comms. (08) 9071 3344 
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Altronics new range of spring terminal electronic project labs for ages 10+ Ue 

These simple kits are a great introduction to the world of electronics and offer hours of fun and learning. Basic principles are covered and S ViCIORNA 
assembly is completely solderless using a series of spring loaded terminals to create a circuit. Detailed instructions show the wiring and : _____ Bairnsdale Electrics (03) 5152 3201 _ 
explain the principle used in each project. Believe it or not, these kits are how many of todays engineers got started in the 80's! Electronic Connections 


__ Top End Technology _ 











_ (03) 9723 3860. 
sp (03) 5221 5844 
_(03) 5962 2763 _ 
___ Leading Edge (03) 9931 0845 
Gardner Electronics (03) 5662 3891 _ 
________Semtronics _(03) 9873 3555 _ 
___ Preston Electronics (03) 9484 0191 _ 
_._ AV2PC (03) 5986 6711. 
emo _ Shorelec Elec. Wholesale (03) 5678 5361 
Av2PC (03) 5978 0007 _ 























10 in 1 Electronics Lab ‘Crystal Set’ Radio Kit 
10 exciting projects including a morse 
code generator, burglar alarm and a 
300 in 1 Electronics Lab radio. Requires 9V battery. 

The ‘Rolls-Royce’ model with all the bells and whistles. 
Teaches you about electronics from A to Z, You will learn 
about electronic parts, how to read schematics, and wiring 
diagrams. All this, while building up to 300 different 
projects. Requires 6 x AA batteries. 








Build your own AM radio - no soldering 
required. A crystal set was one of the RRA 
first educational kits available in the ; ndonga Exact Comp. & Home Ent. (02) 6056 5746 
60's and is still going strong today! TASMANIA : : ee 
A great intro to electronics with a bit of Hobart. Active Electronics (03) 6231 0111 
nostalgia too. No power required! ™ Launceston Active Electronics (03) 6334 7333. 
QUEENSLAND en th 
Jowen Hills Prime Electronics (07) 3252 7466_ 
Caloundra LESC 1300 716 840 
srry Access Electronics (07) 4742 2590 __ 
Delsound (07) 3397 8155 
Design Data (07) 3854 1588 
Prime Electronics (07) 5531 2599 
i Ultra Music (07) 4128 2037 
Contains everything you need to build a | Leading Edge Electronics (07) 4061 6214 
range of electronic projects to AM/FM Radio Kit ! ongreact Access Electronics (07) 4658 0500 


encourage learning about essential khampton i 
principles. Requires 2 x AA batteries A make-it-yourself AM/FM band radio f Access Electronics (07) 4922 1058 


130 in 1 Electronics Lab which requires no soldering or special cowoomba __ Michael's Electronics (07) 4632 9990 
tools. Requires 9V battery. Townsville SOLEX (07) 4771 4211 
NEW SOUTH WALES 
Brookvale Brookvale Electrical Dist. (02) 9938 4299 
Leading Edge Electronics (02) 4990 5971 
Cobar Electronics (02) 6836 2962 
Wired Entertainment (03) 5881 3555 
Autolec Gloucester (02) 6558 1600 
Downes Electronics (02) 6642 1911. 
Griffith Systems Plus (02) 6964 5933 
Protronics (02) 6742 2110 
Leading Edge Electronics (02) 6352 3333 
mond Candle Power Tech. (02) 4571 4699 
Oak Flats Electronics (02) 4256 6120 





30 in 1 Electronics Lab 





A comprehensive learning lab with many hours of building 
an experimenting. Build a radio, AM broadcast station, 
electronic organ, kitchen timer, logic circuits and many 
more. Requires 6 x AA batteries. 





Hundreds sold 
to schools! q 





50 experiments to BP aa 





Salt Water 
Powered Buggy Kit 

A V8 powered buggy that runs on salt 
water! No batteries required. This kit 
Digital Recording Laboratory features a detailed engine with moving on a table top or floor. Full assembly 
Assemble up to 50 educational and fun experiments using cylinders and crank shaft. Ages 8+. ~Lhr. Ages G+. Requires 2xAA 
advanced Integrated Circuit Technology. You'll learn all 
about digital sound, voice recording and modulation 
Requires 3 x AA batteries. 





Line Tracking Mouse Kit 
Much like the robot (left), this mouse Ot ranaa Fordray Electronics (02) 6362 9901 


is designed to track along black lines Penrith Light and Sound (02) 4733 3333 


Macquarie Fettel Comms. (02) 6581 1341 
i i Chantronics (02) 9609 7218 
J Bourke Street Electronics (02) 6766 4664 
aree Noeledge Systems Pty Ltd (02) 6551 3622 
agea Wagea Wagga Car Radio (02) 6925 6111 
0 _ Herkes Electrical Supplies (02) 9319 3133 
Techtron Electronics (02) 9604 9710 
____..Mad Electronics (02) 4297 7373, 
ol ig_Lightsounds Wollongong (02) 4226 1177 _ 
Wyong ____ Coastal Caravan And RV_(02) 4353 1100 
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Pp SOUTH AUSTRALIA ee 
delaide ____Attronics _(08) 8212 6212 | 

Brighton ___ Force Electronics _(08) 8377 0512 
. Creepy Spider ac _______Attronics (08) 8349 6340_ 

seit ie Robot Kit Powered By Salt Water! ari Force Electronics (08) 8347 1188 

Uses four inbuilt microphones to S : a ee eee 
6 In 1 Solar Power Fun Kit detect sound (such as a hand clap) ii bro ce “ia Hi - 2 eee 

) | Each and moves toward it. Ages 8+. No add some salt water to the cell plate i Home of 12 Yott_(08) £997 3121 
kit can be assembled into one of 6 devices - windmill, hover soldering required. Requires & the spider will creep around. No NORTHERN TERRUORY 
| craft, airboat, revolving plane, car and puppy (main picture). 4 x AAA batteries (not included). batteries required! Ages 8+. Combined Comm. Solutions (08) 8942 0644 


NEW ZEMAN 
| Global PC +64 3 3434475 
Sale Ends January 31st 2013 “Global PC +64 3 3543333. 
Altronics Phone 1300 797 007 Fax 1300 789 777 Please Note: Resellers have to pay the cost of freight and 


Mail Orders: C/- P.O. Box 8350 Perth Business Centre, W.A. 6849 insurance and therefore the range of stocked products & prices 
© Altronics 2013. E&OE. Prices stated herein are only valid for the current month or until stocks run out. All prices include GST and exclude freight and charged by individual resellers may vary from our catalogue. 
insurance. See latest catalogue for freight rates. All major credit cards accepted. 











Pseudo-random timer 


for a bird scarer 


This circuit is designed to trig- 
ger a gas cannon to scare birds and 
bats away from crops. The period 
between cannon firings must vary 
or else the flying creatures will learn 
to avoid it. It was decided that the 
cannon firings must have a minimum 
interval of 10 minutes and a maxi- 
mum of one hour. This circuit (Fig.1) 
cycles through 10 different periods 
which are preset using resistors. 

It’s based around the voltage 
controlled oscillator (VCO) section 
of CMOS PLL chip IC1 (4046B) 
plus decade counter IC2 (4017B). 
At power-up, the MR pin of IC2 is 
pulled high and so the counter is 
reset. In this state, output OO (pin 
3) is high while the other outputs 
are low. This means that D6 is 
forward-biased and so current can 
flow through R1, which is normally 
100kQ (as explained later). 

This forms a voltage divider with 
the lower 100kQ resistor which is 
filtered by a 1nF capacitor and the 
resulting voltage (about 5.5V) is ap- 
plied to pin 9 of IC1. This is the VCO 
control input and so determines the 
oscillator frequency. 

Other components which affect 
the frequency are the 1pF capacitor 
between the Cla and C1b pins and the 
resistance from pin 11 (R1) to ground. 
VR1 is adjusted so that with R1 = 








CIRCUIT NOTEBOOK 


Interesting circuit ideas which we have checked but not built and tested. Contributions will be 
paid for at standard rates. All submissions should include full name, address & phone number. 


100kQ, the VCO output at pin 4 is 
1Hz. This is buffered by NPN tran- 
sistor Q1 to flash the running LED 
(LED1) to indicate that the circuit is 
operational. 

It’s also fed into CMOS 14-stage 
ripple carry counter IC4 (4020B). 
Its O11 output (pin 1) goes high 
after 211 (2048) clocks which, with 
an input rate of 1Hz, is after around 
35 minutes (ie, 2048 + 60 seconds). 

When this output goes high, the 
pulse is coupled to input 9 of IC3d, 
one section of a Schmitt-trigger in- 
verter. It’s AC-coupled via a capacitor 
to give a brief pulse and the output of 
the inverter’s low excursion triggers 
555 timer IC5 which energises relay 
RLY 1 for five seconds (adjusted using 
trimpot VR2). 

This is the charge time for the gas 
cannon and when the relay contacts 
open, the cannon fires, making a 
very loud noise! LED2 is lit during 
the charging period, to warn people 
who may be working on the unit to 
cover their ears. 

At the same time, this trigger sig- 
nal is buffered using inverter stages 
IC3e and IC3fto give a positive pulse 
at the MR (master reset) input of IC4, 
so that it starts counting from zero 
again. This pulse is also applied to 
clock input CPO (pin 14) of IC2 and 
the next output then goes high. 

After the first 35-minute period, 
O1 of IC2 is now high while the other 
outputs are low and so now R2 de- 








termines the voltage at pin 9 of IC1. 
By selecting a different value from 
R1, the result is that the VCO runs 
at a different frequency and so the 
next period before the cannon fires 
is different to the last. This period 
is proportional to the resistor value, 
so R1-R10 can range from 27kQ (10 
minutes) up to 180kQ (just over an 
hour). 

The remainder of the circuit is 
used to set the unit so that it only 
runs during daylight hours or alter- 
natively, only at night, depending 
on what type of creature is being 
attracted to the crop. When light 
falls on the LDR, its resistance is low 
and so the output of inverter IC3a 
is high. Thus, if switch S2 is set in 
the “night” position, during the day, 
diode D4 is forward-biased, holding 
the master reset input of IC4 high and 
thus preventing it from counting. 

The output of IC3a is further in- 
verted by IC3b and so if the switch 
is in the “day” position, the opposite 
occurs. In other words, IC4 is held 
in a reset state at night and allowed 
to run during the day. 

Note that it is suggested that R1 = 
100kQ since that makes calibration 
easy; at power-up, the output of IC1 
should be exactly 1Hz so VR1 can 
then easily be adjusted with the aid 
of a frequency counter (built into 
many DMMs these days). 

Merv Thomas, 

Balgal Beach, Qld. 
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) As you can see, we pay $@$ for contributions to Circuit Notebook. 
Each month the {SSI contribution (at the sole discretion of the editor) 
receives a $150 gift voucher from Hare&Forbes Machineryhouse. 
That’s yours to spend at Hare&Forbes Machineryhouse as you see fit 
- buy some tools you’ve always wanted, or put it towards that big 
S purchase you’ve never been able to afford! 
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Universal numeric display for controllers 


running Maximite basic 


When using a MiniMaximite as 
an embedded controller, the need 
may arise to display the results of 
measurements or calculations. If 
these results vary enormously in 
magnitude, the difficulty of display- 
ing them without loss of precision is 
areal problem. Currently, the display 
of choice appears to be something 
like a 16-character x 2-line LCD 
panel. With 16 digits to work with, it 
is relatively easy to display numbers 
which have a large range. 

But the LCD has one drawback and 
that is readability. Being a relatively 
small display you have to be quite 
close to read the small characters 
and in difficult lighting conditions 
the display can be hard to read even 
when close up. I decided that I really 
needed a bright self-illuminating 
7-segment display with large digits 
that can be easily seen from across 
the room. Furthermore, the display 
should be able to display any number 
that Maximite BASIC can generate, 
no matter how large or small. 

This is no mean feat as Maximite 
BASIC can generate numbers in float- 
ing point form as large as 3.4 x 108 
and as small as 1.2 x 10°88. In doing 
so, it can use up to six significant 
figures for the mantissa. As well as 
floating point form, some numbers 
may be expressed in fixed point for- 
mat (eg, 1234.56) or as an integer (eg, 
45678). Again, up to six significant 
figures may be reported. The nega- 
tives of the preceding numbers will 
also need to be displayed. 

To achieve this, the display will 
need six digits for the mantissa 
and a further two for the exponent. 
Additionally, bar LEDs (D1 for the 
mantissa and D2 for the exponent) 
ate required to display the sign. 

Results are displayed either in 





floating point form (eg, -1.23456712) 
or as integers (eg, 23456789). Any 
number in fixed point format is 
converted to floating point form for 
display. This way all six significant 
figures are retained for all numbers 
and only one decimal point needs to 
be controlled. 

This latter condition is important 
because the project is very demand- 
ing of outputs, requiring 11 of the 20 
available. The unused outputs were 
spread so that applications had the 
ability to use ADC inputs (I/O 5-10) 
or frequency, counting and open col- 
lector functions (I/O 11-13). 

The 7-segment display digits are 
1-inch types (RS Cat. 2358957). 
These large units actually use two 
LEDs in series per segment but only 
one LED for the decimal point. If you 
build this project using smaller units 
which use only one LED per segment, 
such displays will be over-driven 
and the 10Q resistors will have to 
be increased in value. 

The voltage drop across the two 
LEDs in series amounts to more than 
the 3.3V driving voltage available 
from the MiniMaximite outputs. 
Consequently, the MiniMaximite 
cannot be used to directly drive the 
display. Instead, BCD-to-7-segment 
display driver IC1 is employed. 

Running IC1 from a 5V source 
gives just enough output to drive the 
display. It has the added advantage of 
only needing four outputs from the 
MiniMaximite instead of the seven 
that would be needed if the Mini- 
Maximite had driven the display 
directly. A 5V supply was chosen 
because it is a commonly available 
voltage. (The Maximite, for example, 
already comes with a 5V output). 

The eight digits are multiplexed 
using outputs 1-3. Again, to save on 


Set a Tara 





the number of output pins used, IC2, 
a 3-to-8 channel multiplexer is used. 
Multiplexing is achieved using an 
interrupt via the SETTICK command. 
This ensures the display is refreshed 
every 25 milliseconds. 

I/O 4 blanks the entire display 
when taken low. 

The decimal point is driven by 
output 19 and, being part of digit 1, 
is also multiplexed. The two nega- 
tive sign LEDs are driven directly 
by outputs 14 and 20. These are not 
multiplexed and consequently a 
higher-value series current-limiting 
resistor is required to achieve ap- 
proximately equal brightness with 
the rest of the display. 

The program uses three subrou- 
tines — FORMAT, BLANK and ER- 
ROR1 — together with the SETTICK 
interrupt routine called DISPLAY. 
BLANK does what it suggests and 
blanks the display. ERROR1 flashes 
the display if there is an out of range 
error in the number. (MiniMaximite 
cannot generate numbers greater 
than 3.4 x 1038 or smaller than 1.18 
x 10°38), FORMAT puts the number to 
be displayed in either floating point 
or integer form and stores the result 
in the variable, number$. Every 
25ms the interrupt routine, DISPLAY, 
carries out the multiplexing task of 
displaying the contents of numbers$. 

Your program should occupy the | 
MAIN routine. Any number you 
wish to display should be stored in 
the variable ‘n’ and this should be 
followed by a call to the subroutine 
FORMAT. Your number will then 
appear on the display. In its present 
form, the MAIN routine just consists 
of four lines to test the display. At 
the prompt any number entered will 
appear on the display. You should re- 
move these four lines and substitute 
your own program. 

The software, 7s238.bas, will be 
available for download from the 
SILICON CHIP website. 

Jack Holliday, 

Nathan, Qld. ($60) 
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& plays a tune 


This Musical Door Minder is an 
alternative to the traditional light 
beam detector system often used to 
monitor entrance doors. It sounds 
an alarm each time someone enters 
or leaves the room and is triggered 
by the change in air pressure each 
time the door is opened or closed. It 
suits both large and small areas and 
can be placed anywhere convenient 
within a room and will sense all the 
doors feeding into the room, even if 
the windows are partially open. 

Two jumpers are used to select 
various alarm sounds, from anumber 
of tones and tunes generated by a 
microcontroller. 

Op amp IC1 and an electret mi- 
crophone detect frequencies below 
3Hz, picking up air-pressure changes 
while ignoring normal sounds. IC1’s 
output at pin 6 is biased at +3V by the 
two 10kQ resistors at its pin 3. The 
sounds picked up by the electret are 
fed to a low-pass filter at pin 2 and 
the resultant output at pin 6 is a posi- 
tive and negative pulse whenever a 
door is opened or closed. 

Note that the 1F capacitor in the 
low-pass filter stage should be a low- 
leakage tantalum, monolithic or MKT 
polyester type. 
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Door minder senses air pressure 





D2 1N4004 
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A PICAXE-08M2 microcontroller 
(IC2) senses the door trigger pulses 
using analog input P4 (pin 3) and 
once detected, the program produces 
an alarm sound at output P2 (pin 
5). The program must check both 
the ‘Mode’ links on input P3 (pin 
4) and the ‘Play’ links on input P1 
(pin 6) using the voltage levels set 
by the jumpers to determine the 
alarm sound or music sequence to 
be played. The program includes an 
8-second delay after the alarm oper- 
ates. This prevents multiple alarms 
as the door is opened and closed. 

An LM386 audio amplifier (IC3) is 
fed with the alarm signal via volume 
control trimpot VR1. IC3 has a gain of 
20 and drives a small 8Q loudspeaker 
via a 100uF capacitor. The amplifier 
is powered by the full 6V power 
supply rail before diode (D1) drops 
the supply to 5.4V on the remaining 
components. Two power supply op- 
tions are shown; either a 6V battery 
supply or a12VDC plugpack supply 
with a 7806 regulator. 

You download the software into 
the microprocessor using the serial 
programming socket (ICSP) to install 
either the “dminder1_08m2.bas” or 
the “dminder2_08m2.bas” programs. 








K GND OUT 


The first program has three alarm 
tones and three short tunes and all 
six are individually selected using 
the ‘Mode’ and ‘Play’ jumpers. The 
second program retains the three 
alarm tones but adds four kid’s tunes 
played in rotation or four theme 
tunes played in rotation or all eight 
tunes played randomly. Once again, 
the ‘Mode’ and ‘Play’ jumpers are 
used to select the options. 

Common to both programs, LKA 
selects ‘tone’ mode and LKB selects 
‘tune’ mode, leaving LK1 and LK2 
to choose the actual alarm sound or 
music sequence to be played. You can 
select either Single, Double or Triple 
alarm sounds or music selected from 
Looney Tunes, The Muppets, George 
of The Jungle, Adams Family, Peter 
Gunn, Star Wars, Batman and Indi- 
ana Jones (details in the program). 
Be sure to turn power switch S1 off 
before adjusting the jumpers. 

Finally, you could customise your 
version by selecting other tones or 
tunes for the alarm sounds. 

Ian Robertson, 

Engadine, NSW. ($60) 

The software, dminder1_08.bas and 
dminder2_08, available for down- 
load from the SILICON CHIP website. 





siliconchip.com.au 












Sy je@nmg REFERENCE {> Pon 


FD AT y 10% DISCOUNT ON ALL BOOK OR PARTSHOP PURCHASES, 
ye /,/ iat f= OOKS: Lf OP (eh (Does not apply to subscriptions) 
For the latest titles and information, please refer to our website books page: www.siliconchip.com.au/Shop/Books 


FIG cilia tLe know it all SELF ON AUDIO 

ultiple authors : re 

The best of subjects Newnes authors have written over the past few years, by Douglas Self 2nd Edition 2006 $69.00* 

combined ina one-stop maxi reference. Covers introduction to PICs and their A collection of 35 classic magazine articles offering a dependable methodol- 
ogy for designing audio power amplifiers to improve performance at every 


programming in Assembly, PICBASIC, MBASIC & C. 900+ pages. y Tor | ng at , l al € 
see yoint without significantly increasing cost. Includes compressors/limiters, 


PROGRAMMING and CUSTOMIZING THE hybrid bipolar/FET amps, electronic switching and more. 467 pages in paperback. 


PICAXE By David Lincoln (2nd Ed, 2011) $65.00* 
A great aid when wrestling with applications for the PICAXE 
series of microcontrollers, at beginner, intermediate and 
advanced levels. Every electronics class, school and library should have a 
copy, along with anyone who works with PICAXEs. 300 pages in paperback. r4 














_.. SMALL SIGNAL AUDIO DESIGN 
=<"; By Douglas Self — First Edition 2010 $95.00* 


— The latest from the Guru of audio. Explains audio concepts in easy-to-under- 
stand language with plenty of examples and reasoning. Inspiration for audio 


PIC IN PRACTICE designers, superb background for audio enthusiasts and especially where it comes to 
by D W Smith. 2nd Edition - published 2006 $60.00* component peculiarities and limitations. Expensive? Yes. Value for money? YES! Highly 
Based on popular short courses on the PIC, for professionals, students recommended. 558 pages in paperback. 


and teachers. Can be used at a variety of levels. An ideal introduction to the 
world of microcontrollers. 255 pages in paperback. 


PIC MICROCONTROLLER — your personal introduc- © "2°" AUDIO POWER AMPLIFIER DESIGN HANDBOOK 


= tory course By John Morton 3rd edition 2005. $60.00* ==" by Douglas Self — 5th Edition 2009 $85.00* 
A unique and practical guide to getting up and running with the PIC. It as- _.» ‘The Bible" on audio power amplifiers. Many revisions and 

“ sumes no knowledge of microcontrollers — ideal introduction for students, | updates to the previous edition and now has an extra three 
teachers, technicians and electronics enthusiasts. Revised 3rd edition focuses entirely chapters covering Class XD, Power Amp Input Systems and 


on re-programmable flash PICs such as 16F54, 16F84 12F508 and 12F675. 226 pages Input Processing and Auxiliarly Subsystems. Not cheap and not a book 
in paperback. for the beginner but if you want the best reference on Audio Power Amps, 


you want this one! 463 pages in paperback. 
aves OP AMPS FOR EVERYONE 


RYONE 

By Bruce Carter — 4th Edition 2013 $83.00* 

This is the bible for anyone designing op amp circuits and you don't 
have to be an engineer to get the most out of it. It is written in simple language 
but gives lots of in-depth info, bridging the gap between the theoretical and the 

on design issues and pitfalls, maintenance and repair. Ideal for 


practical. 281 pages, 
engineers, technicians, students of consumer electronics and 


% PROGRAMMING 32-bit MICROCONTROLLERS sales and installation staff. 319 pages in paperback. 


ay ot 
=“ INC By Luci di Jasio (2008) $79.00* . 
= SWITCHING POWER SUPPLIES A-Z 
by Sanjaya Maniktala, Published April 2012. $83.00 


se" Subtitled Exploring the PIC32, a Microchip insider tells all on this powerful 
PIC! Focuses on examples and exercises that show how to solve common, 

Thoroughly revised! The most comprehensive study available of theoreti- 

cal and practical aspects of controlling and measuring 


real-world design problems quickly. Includes handy checklists. FREE CD-ROM includes 
source code in C, the Microchip C30 compiler, and MPLAB SIM. 400 pages paperback. 

PRACTICAL GUIDE TO SATELLITE TV EMI in switching power supplies. 
By Garry Cratt — Latest (7th) Edition 2008 $49.00 


Written in Australia, for Australian conditions by one of Australia's foremost 


satellite TV experts. If there is anything you wanted to know about setting up — ELECTRIC MOTORS AND DRIVES 


a satellite TV system, (including what you can't do!) it's sure to be covered By Austin Hughes & Bill Drury - 4th edition 2013 $59.00* 
in this 176-page paperback book. This is a very easy to read book with very little mathematics or 


NEWNES GUIDE TO TV & VIDEO TECHNOLOGY formulas. It covers the basics of all the main motor types, DC 


3 * 5 permanent magnet and wound field, AC induction and steppers and 
By KF Ibrahim 4th Edition (Published 2007) $49.00 — gives a very good description of how speed control circuits work with these 
It's back! Provides a full and comprehensive coverage of video and televi- motors. Soft covers, 444 pages. 
sion technology including HDTV and DVD. Starts with fundamentals so is 
ideal for students but covers in-depth technologies such as Blu-ray, DLP, AC MACHINES 

By Jim Lowe Published 2006 $66.00* 


Digital TV, etc so is also perfect for engineers. 600+ pages in paperback. 
Applicable to Australian trades-level courses including NE10 AC Machines, 


RF CIRCUIT DESIGN ! 
by Chris Bowick, Second Edition, 2008 $63.00* NE12 Synchronous Machines and the AC part of NE30 Electric Motor 
, : = ‘ Control and Protection. Covering polyphase induction motors, single- 


The classic RF circuit design book. RF circuit design is now more important h f h hi dostenl for starting. 460 
that ever in the wireless world. In most of the wireless devices that we use ee imines ek FOMOUSIMaChines:andipolyphase: MOOT Starang.: 


there is an RF component - this book tells how to design and integrate in a 
very practical fashion. 244 pages in paperback. PRACTICAL VARIABLE SPEED DRIVES & 
PRACTICAL RF HANDBOOK POWER ELECTRONICS 

by Malcolm Barnes. 1st Ed, Feb 2003. $73.00* 


by lan Hickman. 4th edition 2007 $61.00* 
A guide to RF design for engineers, technicians, students and enthusiasts. An essential reference for engineers and anyone who wishes 
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RIGOL os1140z 


HAT MAKES THIS scope dif- 

ferent from others we have 
reviewed in the last few years is that 
it’s a 4-channel wide-screen digital 
storage oscilloscope (DSO) priced 
under $1000. That means it’s signifi- 
cantly more capable (and useful) than 
an entry-level scope for only a little 
more money. 

Now it should be obvious to every- 
one that a 4-channel scope is better 
than a 2-channel scope but how often 
do you need more than two channels? 
In the SILICON Cup lab, we find that 
this situation arises quite frequently. 
It allows you to, say, monitor the input 
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and output of a circuit while using 
a third channel to probe points in 
between to see how the signal varies 
throughout the circuit. Or it allows you 
to monitor the input and the signals at 
three different points in a circuit. You 
tend to do it, just because you can and 
it gives a better picture of the circuit 
operation. 

There are two DS1104Z-S models 
available, with 70MHz and 100MHz 
bandwidth. In both cases, the sampling 
rate is 1GS/s, dropping to 500MS/s 
with two channels active and 250MS/s 
with four. 

This scope also has a number of 





advanced features which would have 
cost you an arm and a leg only a few 
years ago. For example, it has a 64-lev- 
el intensity modulated display (like 
a “digital phosphor oscilloscope”) 
which means you are much more 
likely to catch glitches and you get a 
much better idea of how the captured 
waveform varies from cycle to cycle 
— see Fig.1. 

This is even more useful when you 
realise that it can capture up to 30,000 
waveforms per second while an entry- 
level scope may only manage 1/10th of 
that. That not only means that the dis- 
play intensity shows you more detail 
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but you also get much faster averaging. 

It comes standard with 12Mpoints 
memory and is upgradable to 24M- 
points. That gives you a lot of scope 
to freeze, zoom and pan the display 
to examine the captured waveform 
in detail (Fig.2) — which is one of the 
most powerful features of a DSO, after 
all. It also has a very good minimum 
sensitivity of 1mV/div (10mV/div with 
a 10x probe) which is great for looking 
at low-level analog signals. 

For a bit more money, you can also 
get a version with an in-built 2-chan- 
nel 25MHz arbitrary signal generator. 
This is very handy as it doesn’t take up 
any extra bench space and you can use 
the wide-screen LCD and front panel 
buttons to configure it. 

In short, this scope raises the bar 
for test instruments in its price range 
and offers serious capabilities for hob- 
byists, educational users and profes- 
sionals too. 


User interface 


As well as having good specifica- 
tions and a number of handy features, 
the Rigol DS1000Z-series offers an 
improved user interface which makes 
the scope significantly easier to oper- 
ate than most low-cost models. For 
example, it has soft buttons on both 
sides of the screen (left & right) and 
since the display has a wide format, 
there is room for menus down both 
sides while still having space for a 12 
x 8 division trace display in-between. 

The right-side menus and soft but- 
tons are used for the traditional pur- 
poses, ie, configuring channels, trig- 
gers, acquisition mode, mathematical 
transforms, utilities and so on, while 
the left-side menu is used primarily 
to set up measurements. This is one 
of the most common tasks required 
while actually examining signals, so 
having it easy to do is welcome. 

This menu is laid out particularly 
well. The “menu” button at upper-left 
switches between vertical (voltage) 
and horizontal (time) measurements, 
while the up and down arrows at 
lower-left switch between the two sets 
of six measurement options in each 
case. It’s then just a matter of choos- 
ing a channel and pressing one of the 
corresponding soft buttons to put the 
required measurement on-screen. 

You can display up to five measure- 
ments at a time and they appear below 
the graticule. You will need to have 
good vision though (or be wearing your 
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Fig.1: an amplitude modulated sinewave (yellow) showing an intensity graduated 
display. Below this is a frequency-modulated triangle wave. Both are from the 
onboard 2-channel signal generator. Note the measurement menu at left and the 
regular menu at right (showing storage options). 
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Fig.2: zoom mode with the maximum memory depth for 2-channel mode 
(12Mpoints). Note the length of the full capture (top). The sampling rate and 
memory depth used are shown at the top of the screen. Five measurements are 
shown along the bottom with the generator menu at right. 


glasses/contacts), as the font used is 
tiny (see Fig.2). 

The measurement options don’t stop 
there though. You can also turn on 
‘statistics’ mode which expands this 
measurement display (shrinking the 
trace display but retaining the same 
number of grid squares). The same five 
measurements are shown but as well 
as displaying the current measured 
value, it also shows the minimum, 
maximum and average values. 

There is also a hardware frequency 
counter which can be connected to 
any of the four inputs and appears 
at top-right. Plus you can bring up 
a display which shows 20 different 


measurements for a single channel 
simultaneously, at the top of the screen. 
As you would expect, this reduces the 
space available for traces but is handy 
for taking in signal properties with a 
‘quick glance’. 

Another nice user interface feature 
is the fact that there is a dedicated but- 
ton and three LEDs for the acquisition 
mode (auto/normal/single). In some 
cases, you will want to change this 
often and this avoids a lot of fiddling 
around with the menu system. 


Serial bus support 


If you are working with mixed 
analog/digital systems, or sometimes 
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Fig.3: FFT mode, showing the harmonics of a mains 
waveform (via an isolating transformer). Measurement 
statistics mode is also enabled, showing the minimum/ 
maximum/average values of all five measurements on the 
channel 1 waveform, including area under the curve. 


work with analog and sometimes with 
digital, having a mixed signal oscillo- 
scope (MSO) can be very handy. This 
is like a DSO but with digital inputs 
as well. There is no MSO option for 
the DS1000Z series but it can do some 
limited serial bus decoding using two, 
three or four of the analog channels. 

It comes standard with a “paral- 
lel” decoding option but given that it 
only supports a bus up to three bits 
wide (ie, one channel for clock and 
the rest for data), it isn’t very useful. 
However, it supports RS-232, I?C and 
SPI decoding as an extra-cost option. 
If you have two 2-wire buses, you 
can decode them both. If you’re only 
looking at a single serial bus then the 
remaining channel(s) can be used to 
monitor other signals. 

The serial decoding and triggering 
system is very flexible. You can choose 
which channels map to which func- 
tions: RX/TX, CLK/DATA and CLK/ 
MISO/MOSI/CS respectively. For SPI, 
if you don’t want to assign an input to 
CS (possibly using up all your analog 
inputs), you can have the unit operate 
without it as long as there is a delay 
between each SPI packet. 


add Wad 
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You can also adjust the level thresh- 
olds, display format (hex, decimal, 
ASCII, etc), signal polarity and proto- 
col-specific settings such as baud rate 
for RS-232 and address for I?C. 

The serial decoding option isn’t as 
good as having a proper MSO because 
it won’t leave you with many analog 
channels but it’s certainly cheaper 
and should be quite adequate in many 
circumstances. 


Signal generators 


We spent some time using the op- 
tional generators for various tasks and 
found them quite useful. The only 
thing we don’t really like is that the 
outputs (2 x BNC) are on the back but 
they’re easy enough to access, being 
near the edge. They are actually quite 
capable generators with sine, square, 
triangle, pulse and DC options in ad- 
dition to arbitrary waveforms. 

The frequency, amplitude and phase 
can be set over a wide range and there’s 
a handy on-screen keyboard (manipu- 
lated using the general purpose knob) 
to make entering frequencies and such 
easier. 

The pulse mode is very useful and 


Fig.5: the optional 
serial bus decoding 
in action, with 

an SPI bus. The 
automatic cursor 
mode has also been 
enabled and is 
showing the clock 
period. The decoded 
values are shown 
in hexadecimal 

but there are other 
options such as 
binary, decimal and 
ASCII characters. 





Fig.4: a closer view of the same waveform as in Fig.3 but 
this time with all measurements enabled. These are shown 
in a somewhat larger font. Any combination of the four 
channels can be chosen for this display; if all four are 
selected it takes up more than half the graticule! 


can be set up to give pulses over a wide 
range of periods, however the duty 
cycle is locked in the range of 10-90%. 


Other features 

The DS1104Z has quite a compre- 
hensive set of mathematical modes in- 
cluding the usual add, subtract, divide 
and multiply, FFT (which works quite 
well), integrate, differentiate, square 
root, log, exponential, absolute value 
and others. It can store and display a 
reference waveform too. 

All knobs are also pushbuttons 
which perform common actions such 
as centring the selected channel’s 
trace. Pressing on the large timebase 
knob enables a zoomed view. The 
memory depth can be changed to 
adjust the update rate/zoom window 
trade-off and the sampling rate can also 
be altered, which affects memory use. 

In addition to averaging mode, it 
also has “high resolution” mode which 
we've discussed in previous reviews. 
This is a very useful mode which 
removes noise from non-repetitive 
waveforms and it also doesn’t have the 
lag associated with averaging. 

There is a 20MHz bandwidth limit 
selectable on a per-channel basis. This 
scope has all the trigger options you 
might need: AC/DC, LF/HF reject, 
hold-off, noise rejection. It also has a 
good selection of trigger modes: edge, 
pulse, slope, video, pattern, duration 
and setup/hold. There is an extra-cost 
option for advanced trigger modes, 
including: timeout, runt, window, 
delayed, nth edge and serial (RS-232, 
I2C or SPI). 

This scope also has support for 
manual or automatic cursors, mask 
(pass/fail) testing, X/Y mode, rolling 
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trace mode and adjustable persistence. 
It can save screen grabs, waveform data 
and configuration data to a USB drive 
via the front panel socket. A rear panel 
USB socket can be used to connect a 
printer and there is a dedicated print 
button (which can also be used to save 
the display to USB). 

Amazingly for a relatively low- 
priced scope, it also comes standard 
with an Ethernet (LAN) socket for 
remote control and operation. A wave- 
form recording and playback option is 
available at extra cost. 


What you get 

The scope itself measures 313 x 
161 x 122mm and weighs 3.2kg. Four 
passive 150MHz switchable 10:1/1:1 
probes are included along with a 
power cord, USB cable, quick start 
guide and a CD-ROM. The quick start 
guide is not very useful; the proper 
manual is on the CD as a PDF (or can be 
downloaded from the Rigol website). 

As mentioned earlier, there are 
70MHz and 100MHz bandwidth ver- 
sions with and without signal genera- 
tors. There are also four software op- 
tions: the 24Mpoint memory upgrade, 
waveform recording and playback, 
advanced triggering options and serial 
decode software. These can be added 
on after purchase; the extra bandwidth 
and signal generator option can not. 


Conclusion 


As you can see from the above, 
this is a capable scope and is quite 
good value for money. But does that 
mean there’s no point paying more 
for a higher end unit? Well, no. The 
DS1104Z can feel a little slow at times 
and that includes some noticeable de- 
lays between pressing a button and the 
corresponding action occurring. And 
you do get a bigger screen with more 


The rear panel is uncluttered and carries the two generator Source output 





sockets, a Trigger Out/Pass/Fail socket, a USB socket (eg, to connect a printer 
or to save data to a USB drive) and a LAN socket for remote control. 


expensive models, including those 
from Rigol. 

We would have to say though that 
unless you are on a really tight budget, 
there isn’t much point buying a bargain- 
basement 2-channel DSO any more. 
The added capabilities you get with 
this scope compared to a real cheapie 
(and it isn’t just the two extra channels) 
are well worth the difference in price. 

One criticism that could be levelled 
at this scope is that it has a single set 
of knobs for the vertical settings for 
all channels. That means you have to 
switch channels with a button before 
making adjustments to that channel. 
And because those buttons are also 
used to turn the channels on and off, 
it can get a bit confusing. 

Having said that, you can under- 
stand why they’ve done it this way — 
with the wide screen and all the soft 
buttons, there just isn’t room left for 
four sets of knobs. 

Overall though, it’s clear that this 
is a winner in its market segment and 


if you don’t already have a DSO, it’s a 
good one to start with as it has so many 
features in a small package. 


Where from, how much? 

At the time of writing, Emona 
have the 70MHz model (DS-10742Z) 
for $719.40 (including GST) and 
the 100MHz model (DS-1104Z) for 
$917.40. The 2-channel signal genera- 
tor (suffix -S) adds $286 to either. The 
other options are $160.60 (waveform re- 
cording/playback), $212.30 (advanced 
triggering or serial bus analysis) and 
$325.60 (deep memory expansion). 

For enquiries or to purchase, contact 
Emona at testinst@emona.com.au, visit 
their website at www.emona.com.au 
or call one of the following numbers: 
e New South Wales: (02) 9519 3933. 
e Victoria: (03) 9889 0427. 

e Queensland: (07) 3275 2183. 

e South Australia & Tasmania: (08) 
8363 5733. 

Western Australia: (08) 9361 4200 
e New Zealand: call NSW office. SC 
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On Sunday 24th November 2013, Sydney’s Powerhouse technology museum 
hosted a “Mini Maker Faire”, an exhibition of various groups and businesses 
dedicated to people building “stuff’. Well that’s rather vague but it really 
does cover a wide range of hobbies including electronics and robotics but 
also 3D object fabrication, textiles, electric vehicles, sculptures, dioramas... 
just about anything you can make yourself. 


HE PURPOSE OF the Mini Maker 
Faire was for makers to show off 
their completed (and in some cases, 
partially completed) designs and to 
encourage interested parties to get 
involved. It was a particularly good 
opportunity for those aged 10-18 or so 
(and in many cases, their parents) to 
learn about electronics, 3D printing and 
3D construction in general and become 
enthused over the idea of building their 
own robot, gadget or other device. 
The fair consisted of 60 booths 
spread throughout the Powerhouse 
Museum building. Of course, visitors 
were also free to experience the usual 
attractions at the museum including 
a number of locomotives, aircraft and 
some quite fascinating cut-away or 
exposed mechanisms, many of which 
are motorised to show how they work. 
Many of the booths were staffed by 
organisations that our readers would 
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be familiar with such as Freetronics 
(with Arduino), Bitscope, 3D Printing 
Systems, German RepRap (another 
3D printer distributor) and even the 
Ripperton superbike we featured on 
the cover of last month’s issue, shown 
alongside an electric scooter from 
Sydney Electric Vehicles. 

There were also a couple of groups 
that you may not be familiar with but 
that would be of interest to SILICON 
CHIP readers. Primarily, we are think- 
ing of Robots & Dinosaurs, the Sydney 
“Hacker Space” organisation and the 
Sydney Robot Workshop, who shared 
the same space. You couldn’t miss 
their part of the space since it is oc- 
cupied by life-size R2D2s and Daleks. 


Hackerspaces 

The “hackerspace” phenomenon 
has sprung up in the last few years 
to support the “maker” movement. In 


essence, it consists of clubs in major 
cities (and some large towns) around 
the world where members pool their 
money, time and equipment to set upa 
location where they can gather to build 
things, discuss building things, help 
each other out and generally socialise. 

There are already spaces in Syd- 
ney, Melbourne, Brisbane, Adelaide, 
Canberra, Perth, Dubbo, Newcastle, 
Geelong, Townsville . . . the list goes 
on. A more-or-less complete listing 
can be found at this website: http:// 
hackerspaces.org/wiki/Australia 

So what’s the benefit of joining one 
of these organisations and how much 
does it cost? Well, the main advantage 
is that you get a place to work on your 
projects. This is especially useful if, 
say, you live in an apartment and don’t 
have a workshop or office where you 
can do your soldering, drilling, cutting 
and so on. 
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Importantly, there is also a lot of 
great gear that you can use or borrow 
while you are there, some of which you 
may not be able to afford or which is 
impractical to keep at home. At Syd- 
ney’s Robots & Dinosaurs for example, 
there are two laser cutters, multiple 
3D printers, CNC mills, lathes, band 
saws, drill presses, power supplies, 
oscilloscopes, soldering stations and a 
large variety of hand tools and assorted 
components that members can use. 

There is also quite a variety of raw 
materials that members can purchase, 
such as sheets of acrylic, plywood, 
plastic and metal rods, reels of 3D 
printer plastic and so on. The cost 
of these “consumable” materials is 
charged on top of the membership fee. 
Generally, hackerspaces also provides 
some basic refreshments such as bot- 
tled water, at a nominal cost. 

The typical cost to spend a day (or 
part of one) at an Australian hacker- 
space is generally $10-15 plus the cost 
of any supplied material you use. If 
you attend more than once a week, it’s 
cheaper to pay the monthly member- 
ship fee which is around $40-60. Not 
surprisingly, the weekend is the most 
popular time to be there but the space 
is open on some weekdays too, mostly 
in the evening. 

But perhaps just as important as 
the access to all this equipment is the 
fact that the members and operators 
of the club have the knowledge and 
experience to operate it all (and do 
so safely) and are more than happy 
to help beginners learn how to do so 
successfully. For example, they can 
show you how to draw up a design in 
a CAD package and then cut and/or 
engrave it out of plastic or wood on 
the CNC laser cutter. 

At the time of writing, Robots & 
Dinosaurs is in the process of moving 
from Gladesville to Meadowbank. 


Activities involved 


Different hackerspaces will em- 
phasise different skills and hobbies 
depending on the make-up of the 
membership. There is certainly a fair 
amount of electronic tinkering going 
on at Robots & Dinosaurs, perhaps not 
surprisingly mainly in aid of building 
robots or remote-controlled vehicles 
of various descriptions. A number of 
members work with Arduinos or simi- 
lar devices, controlling stepper motors, 
servos, lights, producing sounds and 
so on. 
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Having said that, there is also a lot of 
time spent designing and building 3D 
mechanical objects with no electronics 
at all (or maybe just something basic 
like a motor). For example, a motorised 
wooden wheel was demonstrated by 
the R&D crew at the fair. It picks up 
marbles from a tray at the bottom and 
lifts them up to the top, where they 
roll down aramp and the cycle repeats 
indefinitely. 

We guess is that you could call that 
a “kinetic sculpture”. Many members 
also like to make static 3D objects 
from laser-cut patterns with various 
intriguing shapes and forms. In fact, 
the laser cutter is one of the most 
popular tools at the space; so much 
so that they recently built a larger and 
more powerful one which includes an 
impressive CO, laser tube, over 1m 
long, for cutting faster and through 





thicker material (up to about 12mm). 

While SILICON CHIP readers will 
most likely be interested in attending 
a hackerspace in order to work on elec- 
tronic projects and brainstorm designs 
with other knowledgeable members, 
it is quite fascinating to see the other 
types of projects that members work 
on, many of which are quite ingenious. 


See it for yourself 

Since it was a success, attracting 
more than the expected number of 
visitors (3000), it’s likely that another 
Mini Maker Faire will be held in Syd- 
ney during 2014. 

Similar fairs were held last year in 
Melbourne (Eurisko, November 2-3 
at the Arts House Meat Market) and 
Adelaide (April 6, Adelaide College of 
the Arts), so look out for repeat events 
this year. SC 
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In this final instalment we finish building the Tiny Tim amplifier by fitting 
all the modules into the case and wiring it up. We’ll also look at testing the 
unit, its final performance and some other useful tidbits. 


t this stage, you will have 
Aste: building the main am- 

plifier PCB and power supply 
and you should also have prepared the 
case, including drilling holes in the 
base for mounting the modules. 

But before we screw them in, it’s 
easiest to do some of the wiring first. 

Start with the wiring between the 
two chassis-mount RCA sockets, the 
slide switch, the RCA plugs for the 
DAC and the leads to connect to the 
amplifier PCB. This wiring is shown in 
the upper-left corner of Fig.6 on page 
82 of the December 2013 issue. 

Strip and tin the wires to go to the 
PGB but leave these loose; the rest of 
the wiring can be completed in-place. 

Note that depending on how close 
you have mounted the RCA sockets to 
the slide switch, it may be impractical 
to use shielded cable for these connec- 
tions, in which case you will have to 
use ordinary hook-up wire instead. In 
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this case, keep the wires as short as 
possible and run the two signal wires 
close to the ground wire(s) to minimise 
hum pick-up. 


Fitting the DAC 

With that done you can then mount 
the DAC board. As explained last 
month, to save space we fitted ours 
directly above the RCA sockets and 
slide switch and we used a combina- 
tion of various Nylon tapped spacers, 
nuts and screws to support it. 

Essentially, what you need to do 
is fit the DAC connectors and switch 
through the rear panel holes you made 
earlier and measure how high it sits 
above the bottom of the case, then pick 
the next shortest tapped M3 spacers 
you can get. 

Experiment with how many M3 
nuts or washers you need to fit to the 
screws before attaching the spacers 
so that the DAC board naturally rests 


on these spacers when it is in place. 

It’s then just a matter of using a few 
more Nylon M3 screws to hold it in 
place on the top. The holes on the 
DAC board are a bit bigger than usual 
for M3 screws but the screw heads 
should be sufficiently large to hold it 
down. Otherwise, use Nylon washers 
under the screw heads. You can then 
plug the two RCA cables you soldered 
earlier into the DAC outputs. 


Output & pot wiring 

The next step is to fit the front panel 
components and connect wires in 
preparation for the final assembly. This 
wiring consists of the following runs; 
again, refer to Fig.6 in the December 
2013 article: 

1) Two red wires from the left and 
right channel pins on the headphone 
socket, long enough to reach the ampli- 
fier board, plus a black ground wire of 
a similar length. 
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2) Two long red wires from the 
switched left and right channels pins 
on the headphone socket to run along 
the bottom of the case and back to the 
two red binding posts. Remember to 
slip a couple of pieces of heatshrink 
tubing over each wire before solder- 
ing them to the binding posts and it’s 
also a good idea to wrap the exposed 
copper strands securely around the 
binding post pin before soldering it 
(which will require a hot iron). 

That done, slide the heatshrink over 
the solder joint and shrink it down, 
then repeat for a double insulating 
layer (see photos). We attached several 
adhesive plastic wire clips to the bot- 
tom of the case to hold these wires in 
place, roughly along the paths shown 
in Fig.6. 

3) Two black wires from the black 
binding posts, long enough to reach the 
rear of the amplifier board and connect 
to the ground plane. These should also 
have two layers of heatshrink insula- 
tion over the solder joints. 

4) Two stereo shielded wires sol- 
dered to the volume control pot, long 
enough to reach to the pot connections 
on the amplifier board. Wire these as 
per Fig.6 last month. 


Mounting modules & testing 

First, fit the power supply module 
in place by screwing its four tapped 
spacers into the bottom of the case. Use 
three short steel M3 machine screws 
and a Nylon M3 machine screw for 
the right-rear corner, ie, the mounting 
posts which already has a Nylon screw 
in the top. 

Cut a 60 x 40mm piece of fibre 
insulation (eg, Presspahn) and then 
score and fold it 45mm from one end. 
Drill two holes in this to correspond 
to the two holes in the bottom of the 
case, near, the power supply board 
and attach it using M3 Nylon machine 
screws and nuts, as shown in the pho- 
tos. This prevents any wires which 
may come loose from contacting any 
of the mains-potential components 
on the PCB, 

Connect the mains cable to the left- 
most pin header terminal and feed it 
through its grommet at the rear of the 
case (ie, the one that it went through 
originally). 

At this point, with the power supply 
in the case, it’s probably a good idea 
to check that it is working properly so 
plug the switch in and check that it is 
properly isolated. To do this, set your 
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Distortion vs frequency at full scale output for the AC1631 DAC module. 
It’s an oversampling type DAC, rather than delta-sigma, hence the rather 
steep rise in distortion with increasing frequency. But when the output is 
filtered with the 20Hz-22kHz bandpass filter (red trace, simulating human 
ear response), most of the distortion harmonics are eliminated. Comparing 
this graph to the others shows that when using a digital input, the DAC is 
generally the limiting factor in performance. 
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The frequency response of the AC1631 DAC is pretty flat, being down by only 
0.2dB at the high end (20kHz) and virtually flat to 20Hz at the low end. Note 
that it does not handle Dolby Digital, DTS or other compressed audio streams 
so if connected to a TV set or disc player, the unit should be configured to 
output a linear PCM stereo digital signal. Most disc players and many TV sets 
offer a “down-mixing” option, specifically to allow the digital audio output to 
be connected to devices like this. 
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Reproduced from last month, this photo shows the placement and 
interconnection of the PCBs within the Tiny Tim amplifier. 


DMM to high ohms range (ie, meg- 
ohms) and connect one probe to the 
mains plug Active pin and one to an 
exposed piece of metal on the chassis. 
Check that there is no connection (it 
should read “oL” or similar). 

Repeat the same test with the Neu- 
tral pin. Then check, with the power 
switch on, that there is no connection 
from the mains Active pin to any of 
the three terminal block outputs on 
the power supply PCB. This verifies 
that the transformer insulation is in- 
tact. Assuming that’s all OK, switch 
the DMM to DC voltage measurement 
mode and check that the power sup- 
ply fuse cover and adjacent Presspahn 
shield are in place, plug in the mains 
cord and turn it on. 

Without touching the mains section 
of the power supply board, measure 
between the middle pin of the termi- 
nal block and either side. You should 
get readings of approximately +20V 
(likely a bit higher). Switch off and 
check that these drop to near OV within 
about 30 seconds. This confirms that 
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the power supply board is working and 
you can then switch off and unplug 
the mains and then the mains switch 
from the power supply board. 

Note that with some terminal blocks, 
there may not be a good connection to 
the screw on top when there is no wire 
inserted so it’s best to probe the wire 
openings if possible. 


Amplifier module installation 

Before fitting the amplifier module 
to the case, make sure you have sol- 
dered the three power supply wires 
as shown in Fig.6 last month and that 
they are long enough to reach the 
power supply output terminals when 
it is in the case. A 2-wire cable should 
also be attached for the 12V DC output 
as described last month. If you fitted 
sockets to the amplifier board, plug 
in the ICs now but make sure their 
pin 1 dot lines up with the notch on 
the socket. 

You can now mount the amplifier 
module using four tapped spacers and 
eight short M3 machine screws. The 





le 


MiniReg board is mounted in a similar 
manner (note that no heatsinking or 
regulator tab connection is required) 
and the two-pin header you wired to 
the amplifier board’s 12V rail earlier 
can now be plugged into the MiniReg’s 
input. Check the polarity, ie, ensure 
the grounds of the two boards are con- 
tinuous, eg, from the OUTPUT - pin of 
CON4 on the Minireg to the tinplate 
shield on the amplifier board. 

You can also plug in the power LED 
into the MiniReg now. But we don’t 
want to connect the power supply 
directly to the amplifier PCB just yet, 
with the exception of the OV (black) 
wire which can go to the central output 
on the power supply board. Leave the 
other two (red and blue) loose for now. 

Now solder the remaining wires to 
the PC pins on the amplifier board, 
specifically the six from the pot, three 
from the headphone socket, four for 
the inputs (from the chassis-mount 
slide switch) and two from the black 
binding posts. 

It’s a good idea to slip a short length 
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of heatshrink tubing over each wire 
before soldering (slide it far along 
enough the wire that it doesn’t shrink 
from the heat) and then shrink it down 
over the solder joint when it’s cooled 
to provide some strain relief. 


More testing 


We now want to check whether the 
amplifier module is working and the 
best way to do this is to temporarily 
connect a couple of 100Q 5W safety re- 
sistors in series with the supply leads 
so that if something is wrong, you will 
have time to switch power off before 
any damage occurs. This also reduces 
the chance of a problem when adjust- 
ing the amplifier’s quiescent current. 

If you have enough room, you can 
insert one lead of each safety resistor 
into one of the terminal block outputs 
on the power supply board, screw it 
down and bend it up so that the resis- 
tors stick up vertically. It’s then just 
a matter of running a clip lead from 
the other end of each resistor to the 
appropriate power supply wire for the 
amplifier module. 

Make sure that the clip lead from 
the red wire goes to the safety resistor 
at the positive output terminal on the 
power supply, which is furthest from 
the corner of the board. If necessary, 
use clip leads at both ends of the safety 
resistors and they can sit outside the 
case. But regardless, make sure that the 
exposed metal of the alligator clips can 
not make contact with anything else—a 
good way to ensure this is to temporar- 
ily wrap them in electrical tape. 

For now, do not connect the DC 
output from the MiniReg board to the 
DAC’s power supply input socket. 
Re-connect the mains power switch, 
do a final check to make sure there 
are no stray wires that could short to 
anything (especially near the power 
supply board!) and turn trimpots VR2 
and VR3 on the amplifier board fully 
anti-clockwise. 

You can now plug the unit back into 
mains, switch it on and check the volt- 
age across each safety resistor using a 
DMM set to DC volts mode. 

Don’t go near the mains side of 
the power supply. You should get a 
reading below 10V in each case (typi- 
cally around 8-9V); if not switch off 
immediately and check for faults in 
the wiring. 

If the wiring looks OK but the 
voltages are too high, there is likely a 
problem with the component installa- 
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Distortion versus frequency from the completed amplifier under a variety of 
conditions. This is somewhat higher than what was shown for the amplifier 
module/power supply combination in the October 2013 issue. This is almost 
entirely due to increased hum and rectifier buzz pick-up now that the boards 
are mounted close together in the case. If we measure the distortion with 

a 400Hz high-pass filter to eliminate mains 50Hz hum and its immediate 
harmonics, the readings drop substantially, to around 0.0006%. 
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The distortion residual of the amplifier output at 1W with both channels 
driven into an 8Q load (green) compared to the output itself (yellow). As you 
can see, it is mainly a combination of 50Hz, 100Hz and even order harmonics 
of these frequencies, indicating that it’s due to hum pick-up from the power 
supply. The actual distortion products at 2kHz and above can be seen 
superimposed on this waveform at a much lower level. 
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Distortion versus power for a 1kHz signal under various conditions. As is 
typical, distortion is lower into 8Q loads than 4Q due to the lower output 
current for the same power level. Continuous power output is below 10W 
but music power (ie, the power available for short bursts) is higher than this, 
at about 10W for both 4Q and 8Q speakers with both channels driven. Note 
that despite the level of hum measured, even with the volume turned up and 
our ear very close to the speaker we could barely make it out (inputs must be 
terminated for this test). 
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Frequency response of the complete amplifier. Note that this shows a much 
greater roll-off at the high end (down by about 1dB at 20kHz) compared to 

the graph published in the October 2013 issue. That’s because since taking 

the earlier measurements, we decided to increase the input filter capacitors 

to 4.7nF to give better attenuation for the harmonics in the DAC output. You 
could lower this value slightly to give a slightly flatter high-frequency response 
but then it would be less effective at attenuating DAC switching noise. 
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tion or the modifications to the ampli- 
fier board. Assuming the voltages are 
OK, measure the voltage between each 
pair of red/black binding posts (ie, the 
output offset voltage). It should be 
below 20mV. If it’s much higher than 
that, there is a fault so switch off and 
check your work carefully. 

Otherwise, now is also a good time 
to check the output of the MiniReg 
board, either at CON4 or if you have 
plugged it in, the DC plug (with the 
red probe inserted through the end and 
the black in contact with the outside 
of the barrel). 

Turn its adjustment trimpot and 
check that the output voltage varies. 
You can then set it to 6V+0.1V. 

Next, connect the DMM between 
TP1 and TP2 on the amplifier board 
and slowly rotate VR2 clockwise. The 
voltage should start out low (just a few 
millivolts) and rise as you turn the pot. 
Stop once it reaches 15mV. 

Note that we indicated a reading of 
30mV in the circuit diagram on page 
61 of the October 2013 issue but have 
found that the heatsinks run a bit 
hot at idle; 20mV is plenty of bias in 
practice. We’re setting it to 15mV now 
because it will increase a bit once the 
safety resistors have been removed. 
Repeat this procedure for TP3/TP4 
and trimpot VR3. 

Check the voltage across the safety 
resistors again. It should have in- 
creased to around 12V and they will 
be getting a little warm. 

Having passed those tests, the am- 
plifier board is likely working but if 
you want to be really sure, you can do 
a live signal test by connecting a pair 
of speakers and some sort of signal 
source. But if you do this with the lid 
open, you need to be careful not to go 
anywhere near the power supply. In 
fact we would switch off and unplug 
the unit while connecting the speakers 
and signal source. 

Of course with this sort of test it’s 
always a good idea to turn the volume 
control right down before switching 
back on and advance it slowly. While 
the power switch is off you should 
also check that the input selector slide 
switch is in the appropriate position 
for the analog inputs. 

With the safety resistors in place, 
only a small amount of power will be 
available but you should be able to get 
clean audio at a reasonable volume. 

You can then switch off, unplug 
the mains cord and wire the amplifier 
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module directly to the power supply, 
making sure you hook up the wires to 
the same terminals as you used earlier. 
You can now also connect the output 
of the MiniReg to the DAC board. 

That should complete the wiring. To 
keep it neat and safe, tie all the cables 
into bundles or to adjacent posts so 
that they can’t move and break loose 
should the unit be subject to vibration 
or shock. 

If in doubt, refer to our photos (in- 
cluding those published last month) to 
see how we did it. Your completed unit 
should look much like ours although 
obviously it will vary somewhat de- 
pending on which case you used. 

Now is a good time to repeat the 
live signal test but this time without 
the safety resistors, you should have 
the full power output of up to 10W per 
channel available. Once it’s warmed 
up a little bit, re-adjust VR2 and VR3 
to get 20mV across the associated test 
posts. 

Assuming it all works and sounds 
good, you can switch off, unplug the 
mains cord and attach the lid, volume 
knob and any other ancillaries to com- 
plete the unit such as feet. Make sure 


Modifying the DAC for more output 


The pre-built DAC board we have used in this project (Jaycar AC1631) has 
an output of around 1V RMS while most CD/DVD/Blu-Ray players and high-end 
DACs have an output closer to 2V RMS. This is generally not a big problem but 
it does mean that if you are switching between the analog and digital inputs, 
you will need to adjust the volume control each time. 

Reader Gavin Krautz wrote to us to explain that he has this DAC and grew 
tired of constantly changing volume levels when switching inputs; he came up 
with a simple way to increase the DAC output level to around 2V RMS. As he 
explains: 

The DAC contains a BH3544 headphone amplifier to drive the outputs, which 
has a default gain of 6dB. However, its gain can be reduced by inserting resis- 
tors in series with the signal going to pins 3 and 5 of the IC. In the Jaycar DAC, 
these resistors (R25 and R27) are 90kQ, which sets it gain to OdB (ie, unity). 
The formula given for the gain is 6dB + 20.l0g10(90kQ+(90kQ + Rip)). 

This means you can increase the output gain by up to 6dB by changing these 
resistors. | initially considered making the output gain switchable, or shunting 
R25 and R27 to increase the gain, but in the end | simply shorted them out to 
restore the 6dB default and | have been very happy with the result. 





using the original method once the lid 
is in place; in some cases the lid helps 
to hold the cordgrip grommet in place. 

The accompanying graphs show the 
performance of the completed unit and 
the integrated DAC. These measure- 
ments include power supply noise, 
hum, RF pick-up in the wiring and so 


performance of the amplifier module 
itself but still pretty good and we think 
you will find the sound quality is “up 
to scratch”. 

Depending on what speakers you 
are using, you may want to consider 
adding a Bass Extender (described 
elsewhere in this issue) to your new 


the mains cord is properly anchored 








And now for something 
completely different... 
Here’s something from the 
past that you will enjoy 

farinto ed future! 
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{ required, along with Acrobat 
Reader 6 or later (Acrobat Reader is 
a free download from Adobe). 


Hol? For history buffs, it's worth its weight in 
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po peter Hl interest in Australia’s radio and television 
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history (and much more) what could be 
better? This is one DVD which you must 
have in your collection! 
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Snap-Fit Housing, 2 Wire Installation. inc. GST Plus $3.60 Pack & Post 
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Battery Backed-Up Time 
56mm Bright Display 
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By lan Batty 





Philco Safari: the first transistor 





portable projection TV set 


Saturday afternoon footie? on the verandah. 
siihe chassis is)in the‘leather-covered lower 





section, while the)brown 
houses the mirror opti 


astic upper secti 





Released in June 1959 and costing $250.00, 
the Philco “Safari” was the world’s first 
battery-powered transistor portable TV 

set. It was an unusual design employing a 
simple projection system to enlarge the image 
produced by a tiny 5cm upwards-facing 
picture tube buried inside the case. 


UBLIC TV transmissions essen- 

tially began in 1936 with BBC and 
German broadcasts but it wasn’t until 
after World War II that television really 
began to take off. Indeed, the 1950s 
saw the introduction of what could be 
called the “Television Age”. 

The all-valve sets of that era, with 
their progressively larger and larger 
picture tubes, were power-hungry 
monsters. Small radio sets on the 
other hand had been around for some 
time, with an explosion of personal 
portables and so-called “shirt-pocket” 
sets in the late 1940s. Miniature and 
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later subminiature valve designs were 
then rapidly replaced by all-transistor 
sets. Regency and Sony set the pace, 
followed rapidly by other major elec- 
tronics companies. 


The start of Philco 


The Philadelphia Storage Battery 
Company, registered in 1906, began 
releasing products under the Philco 
brand in 1919. 

Philco had been early adopters of 
transistor technology, releasing their 
proprietary Surface Barrier Transistors 
(SBTs) in 1953 and their first transistor 


portable radio (the T7) in 1956. Philco 
also developed what is claimed to 
be the world’s first general-purpose, 
solid-state computer, the S-2000, in 
1957. 

With such a pedigree, it’s no surprise 
that Philco joined the race to develop 
an all-transistor TV set. They already 
had a fine catalog of valve sets and 
were active in developing and manu- 
facturing cathode ray tubes (CRTs). 
They would go on to develop the “Ap- 
ple” single-gun colour CRT. 

Philco had even employed television 
pioneer Philo Farnsworth for awhile. 
As in the race between Regency and 
Sony for the first transistor portable 
radio, Sony were breathing down 
Philco’s neck to be first to market with 
a portable transistor TV set. Philco 
eventually won the race with their 
Safari model but Sony came a credit- 
able second with a more usable, better- 
designed set designated the TV8-301. 

It’s always easy to be critical of 
“the first” of anything. There’s a 
story that some critics once ridiculed 
Christopher Columbus for discovering 
America, claiming it was no great feat. 
He simply challenged them to take a 
fresh egg and stand it on end. They 
failed, of course, so Columbus took 
the egg and very delicately tapped it 
on the table, crushing the end in just 
enough to make it stand freely. “That’s 
no great trick,” they said. 

“Perhaps not. But I did it!” 


Philco Safari: first look 


The set featured here is the second 
such unit to come into my possession. 
The first was fine electrically but its 
parabolic mirror (used to reflect and 
enlarge the image from a small up- 
wards facing CRT) had lost its reflec- 
tive surface and the picture was only 
barely viewable. 

By contrast, this second set worked 
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Fig.1: the major blocks in the Philco Safari portable TV set. It’s pretty much a standard design for a monochrome TV 
set. Note that the deflection waveforms have been simplified and may not exactly match those in a working unit. Note 
also that the IF and deflection frequencies shown are for the American NTSC system. 


first time. It easily tuned in my bench- 
top RF converter set-up, thereby al- 
lowing me to view analog versions of 
local digital television transmissions. 
We'll look at the signal conversion 
set-up later in the article, along with 
a method for dealing with the NTSC 
(US) sound channel IF which is at 
4.5MHz, rather than the 5.5MHz used 
here in Australia. 

As an aside, the Philco Safari was 
featured in cover articles in several 
magazines, among them “Popular Sci- 
ence” of August 1959 and “Electronics 
Illustrated” of November 1959. 


Circuit description 

The main chassis diagram covers 
three pages and there’s another for the 
tuner. However, we’ll simply look at 
the main features of the set instead of 
describing the circuit stage-by-stage. 
Before going further though, note that 
the Philco Safari is an NTSC set and so 
has vertical and horizontal frequencies 
of 60Hz and 15.75kHz respectively. 

Fig.1 shows the block diagram. The 
Safari uses 21 transistors (all PNP 
types), 12 semiconductor diodes, two 
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high-voltage rectifiers and a picture 
tube. The main power supply (de- 
scribed in detail later) is positive to 
ground but a subsidiary negative-to- 
ground power supply is also derived 
from the horizontal output stage. 

The tuner uses a simple multi- 
wafer ganged switch with coils wired 
between its contacts. This has the 
advantages of simplicity and low cost 
compared to a turret tuner but these 
advantages are offset due to the fact 
that any adjustments interact between 
switch positions. 

In operation, the channel selector 
“clicks” between channels, much as 
a turret tuner would do. 


Philco transistor packages 

This is a VHF-only set — UHF tran- 
sistors were not available at the time 
of production. It uses an RF ampli- 
fier, converter and a separate local 
oscillator. 

The wide bandwidth demanded by 
TV signals (some 6MHz for NTSC), 
combined with the high IF (intermedi- 
ate frequency) of 45.75MHz results in 
low IF stage gains. Asa result, there are 











Most of the fransistors used in ithe 
Safari are proprietary Philco types so 
suitable substitutes would have to be 
found if they require replacement. 


four stages in the main video IF strip. 
In addition, feedback capacitance is 
significant at 45MHz, so each stage 
has a neutralising circuit. Two tuned 
“traps” help control the IF passband 
and “notch” the 41.25MHz sound con- 
verter signal, thus preventing possible 
visible interference in the picture. 
The video section begins with a con- 
ventional diode demodulator, in turn 
feeding an emitter-follower first video 
amplifier. The contrast control feeds 
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This view inside the Philco Safari TV set shows the chassis construction. The 
deflection board is at the top of this picture, while the IF/audio board is at the 
bottom. The picture tube (or CRT) is located in the centre. 


a variable video signal to the video 
output stage which delivers around 
7.5 V peak-to-peak (p-p) to the picture 
tube. This stage uses dual supply rails 
of around +11V or 22V total. 

The sound channel begins with a 
“pick-off” at 4.5MHz from the first 
video amplifier stage. This feeds two 
sound IF stages (amplifier and limiter) 
to provide a fairly constant signal to 
the demodulator, thereby eliminat- 
ing any amplitude modulation (AM) 
components and interference. 

Like the video IF stage, the sound 
IF stage uses neutralisation. The FM 
demodulator uses a Foster-Seeley 
discriminator rather than the more 
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common ratio detector. 

Audio from the demodulator (detec- 
tor) is fed via the volume control to a 
conventional audio driver stage, the 
output of which is then transformer- 
coupled to a push-pull output stage. 
This audio section is very similar 
to that found in portable transistor 
radios. 


Chassis details 

Inside the unit, the various circuit 
board assemblies and other compo- 
nents are mounted on a plated steel 
frame. Note that the battery carrier has 
been removed from the unit shown in 
the photo. 





Fig.2: the Philco Safari optical system. The image on the CRT is projected 
upwards to an angled, half-silvered mirror. From there, the image is reflected 
and magnified by parabolic mirror. The final enlarged image, as seen by the 
viewer, appears to be about 1.2 metres behind the set. 
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The vertical amplifier delivers a 
broad voltage pulse to the deflection 
coil, relying on the coil’s inductance 
to produce a linear current and thus 
a linear sweep over the picture tube’s 
screen. Horizontal deflection also 
begins with a transformer-coupled 
oscillator. Since the horizontal sync 
signal is extracted directly from the 
video signal, the sync separator has lit- 
tle damping effect on noise impulses. 

To compensate for this, the hori- 
zontal sync circuit uses a dual-diode 
phase comparator. This detects any 
difference between the incoming sync 
signal frequency and the frequency of 
the horizontal oscillator and generates 
an error voltage. This error voltage is 
then applied to the oscillator, forcing 
it to synchronise with the received 
sync pulses. 

Filtering of the phase detector’s out- 
put greatly reduces the effect of noise 
impulses on the oscillator’s stability 
(this circuit is now commonly known 
as a phase-locked loop or PLL). 

As with the vertical output stage, the 
horizontal output stage delivers pulses 
to the deflection coil via the output 
transformer. In this case, however, 
a damper diode also helps ensure a 
linear current sweep across the screen. 

There is a short period during each 
sweep where current in the deflection 
coil falls (or collapses) to zero. This 
creates a short, high-voltage pulse 
somewhat like the spark pulse in a car 
ignition coil. The resulting pulse train 
is then fed to a transformer to provide 
four output voltages. 

The picture tube receives some 6-7kV 
via a vacuum-tube voltage doubler/ 
EHT rectifier connected to the output 
transformer’s high-voltage secondary. 
In addition, lower-voltage taps drive 
half-wave rectifiers that provide +280V 
for the picture tube electrodes, +11V for 
the IF amplifier strip, video amplifier 
and vertical oscillator, and -11V for the 
video amplifier. 

The picture tube (or CRT) is Philco’s 
own two-inch (5cm) magnetically- 
deflected 2EP4, the “P4” denoting 
a white phosphor. Unlike the 2EP4, 
picture tubes this small are commonly 
electrostatically-deflected “CRO” 
types. However, electrostatic deflection 
demands many thousands of volts in 
basic tubes — voltages not possible with 
the transistors of the day. 

By contrast, magnetic deflection 
currents can be easily handled by 
transistors powered from low-voltage 
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supplies and transformer-coupling 
between the output stage and the de- 
flection coils. As well, the small screen 
size means a smaller deflection angle 
than the common 70°+ of conventional 
tubes. This simplifies circuit design 
and reduces power consumption. 

Magnetically-deflected tubes gen- 
erally use high accelerating voltages 
(with the advantage of potentially 
higher brightness) and the 2EP4’s 
final anode voltage is some 6-7kV. 
The 2EP4’s circular face projects up- 
wards through a rectangular mask to 
a partially-silvered mirror angled at 
45°. A portion of the resulting image 
is then reflected backwards to a con- 
cave mirror. 

This mirror produces a magnified 
virtual image with an apparent diago- 
nal of about 35cm (or 14 inches). Un- 
fortunately, the combination of partial 
reflection and magnification reduces 
image brightness considerably. 


Power supply 

The power supply uses a 110VAC 
mains transformer which feeds 7.5 VAC 
to a full-wave rectifier. After filtering, 
the set receives supply rails of -6.5V 
and -5V for all stages not fed by the 
horizontal output stage. The set can 
also run on a 7.5V battery pack, re- 
chargeable from the mains supply. 

Since many stages derive power 
from the horizontal output transform- 
er, this set will appear dead unless the 
entire horizontal deflection system is 
working. This is common with tran- 
sistorised TV sets. Because of this, a 
“dead” transistor TV set may have a 
perfectly good mains supply, so be sure 
to check the horizontal output stage if 
the main supply voltages are normal 
but one or more stages are “dead”. 


Compromises 

The Safari uses “simple” AGC that 
responds to the strength of the IF 
signal and thus to the average picture 
level (APL). The problem is that, with 
negative modulation, dark pictures 
give higher APLs, forcing the AGC to 
reduce the gain and make the picture 
appear even darker. The opposite 
happens with bright pictures — in this 
case, the low APL allows the AGC to 
relax, thereby increasing the gain and 
making the picture over-bright. 

Additionally, the video circuits are 
AG-coupled, so the original DC value 
for picture black is lost. As aresult, the 
bias level on the picture tube “floats” 
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A close-up view of the IF/audio 
board. Despite its age, this set 
was still in good working order. 


at the average level of the signal. This 
means that dark pictures will become 
artificially bright as the average level 
drifts. 

Basically, a more advanced design 
would give constant black levels so 
that a very dark object remains very 
dark, whether appearing in a brightly- 
lit scene or a dark one. 


Condition 


Despite its age, this set worked 
just fine as it came to me. Most of the 
transistors used are proprietary Philco 
types but it’s unclear whether they 
are SBTs or alloy-junction transistors. 
Detailed specifications for the Philco 
“Tinnn” types were unavailable but 
Ernst Erb’s Radio Museum gives basic 
descriptions. 


An off-air picture 
on the Safari, as 
seen by the viewer. 
The image has an 
apparent diagonal 
of about 35cm. 














As an example, transistors such as 
the AF186, with its 860MHz cut-off 
frequency, could replace the tuner’s 
RF amplifier (T1561). However, it’s the 
high-power components that are more 
likely to fail and the vertical output 
transistor (T1601) could be replaced 
by an AD149 which has a similar 
package and is described as “suitable 
for vertical output service”. 

The internal battery had died long 
ago and left a “corrosion hole” in the 
case due to leakage. It’s about the right 
size for a C-cell repack to restore it to 
true portable operation. 

TV sets invariably use many special- 
ised parts, particularly in the timebase 
circuits. Such parts may be unique 
to one model and these can be a real 
problem (if not impossible) to obtain 
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Ch 0/1 at 
Switch 


Power, | 
Video & H 


This RF converter was salvaged from an old National Panasonic VCR. Retuning 





the 5.5MHz oscillator to 4.5MHz will give an audio IF output that’s compatible 
with US NTSC sets such as the Philco Safari. 


as spares, particularly in vintage sets 
such as this. Although it’s possible to 
get transformers rewound, the wise 
collector will begin with a working 
set rather than attempting to repair a 
“renovator’s delight”. 

Television IF alignment is also a 
laborious business, as I can confirm. 
Don’t expect that “a bit ofa fiddle” will 
improve picture quality. In fact, any 
temptation to fiddle with IF alignment 
should be resisted unless absolutely 
necessary. IF alignments don’t change 
much over time and I would only get 
out the sweep generator if I’d done 
significant work on the IF strip. 


Using it 

The Philco Safari is a very tall set 
and looks like it is in constant danger 
of tipping over. In practice though, it’s 
quite stable due to a stand that allows 
it to be positioned upright for conveni- 
ent viewing. 

As mentioned, the optical system 
means that the reflected image isn’t 
as bright as the smaller, original image 
on the picture tube. However, picture 
clarity is aided by a flip-up hood that 
shades the top and sides of the view- 
ing area. In addition, the CRT’s face is 
“hidden” within the case, so objects in 
front of the set create fewer reflections 
to interfere with the viewed image. 

More importantly, the CRT’s face- 
plate is shielded from ambient light, 
so the brightness can be set to a rea- 
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sonable level for comfortable view- 
ing. That said, the Safari does benefit 
from careful placement when used 
outdoors. 


How good is it? 

The “Popular Science” report rated 
the Safari’s picture as “excellent: crisp, 
detailed, natural in tone”. In addition, 
the sound quality was “average for TV” 
and the sensitivity was “remarkably 
good for such a compact receiver”. 

Of course, they were judging it by 
the standards of the day but what did 
I think? In short, the picture clarity is 
good. The simplest test for any analog 
set is to tune to a blank channel and ob- 
serve how fine the “snow” (set noise) 
is. Basically, fine snow means good 
picture clarity. The brightness was, as 
“Popular Science” stated, adequate for 
daylight viewing. 


New life for old tellies 


There would still be some of these 
old sets “out there” but with analog 
transmissions ceasing, the only place 
Ican use the old Philco is in my work- 
shop or display area. 

It’s great to have this set in working 
order, though. There is only one “first” 
of any generation of technology. Also, 
the first set I acquired still needs repair, 
so!l’m on the lookout for a non-working 
set that may be able to donate parts. 
Furthermore, I expect that my local 
Astronomical Society will know about 





mirrors and be able to help out with 
resurfacing. 


RF converter 

A recent “Radio Waves” article, by 
Graham Dennes (April 2013), details 
an off-the-shelf RF converter that will 
allow you to fire up any old analog set, 
whether valve or solid-state. Be aware 
though that many cheap converters 
only tune over the UHF band and do 
not suit older VHF-only sets. 

As an alternative, you can “liberate” 
the RF converter from a junked VCR. 
The signal output is usually switch- 
able between channel 0 or 1/2. Again, 
some of these VCR converters are UHF 
only and are not suitable for use with 
older VHF-only sets. 

If you can salvage a converter, it’s 
easy to house it in a box and power 
it from a suitable DC supply (usually 
6-9V). You then feed the video/audio 
outputs from a digital receiver or set- 
top box into the converter, connect the 
converter’s output to your old analog 
TV and you're in business. 

If necessary, you can open up the 
converter and tweak the oscillator that 
generates the 5.5MHz FM IF for the 
Australian television standard. They 
mostly use a simple slug-tuned oscil- 
lator and tuning down to 4.5MHz will 
give an audio output that’s compatible 
with US NTSC sets. 

Similarly, retuning a “video beam- 
er” (a high-powered converter with 
a radiating antenna) allowed me to 
send a good signal well across the 
workshop. 


Variants 

The Philco Safari comes in two 
models and four variants. The Model 
H2010L came with a brown leather 
case, while the model H2010BL has 
a black leather case. In addition, each 
model has an early (1959) version and 
a later (1960) version. The latter elimi- 
nated the sound take-off transformer 
and there were some changes to the 
transistor types used! 


Further reading 

You can find the “Popular Science” 
review of the Philco Safari on Google 
Books — just search for “popular sci- 
ence august 1959”, click on the August 
1959 cover and go to page 64. 

Technical information (for members 
only) is also available from Ernst Erb’s 
Radio Museum www.radiomuseum. 


org SC 
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ASK SILICON CHIP 


Got a technical problem? Can’t understand a piece of jargon or some technical principle? Drop us a line 
and we'll answer your question. Send your email to silicon@siliconchip.com.au 





Speed regulator 


for wood lathe 


I was given an old 4-speed belt- 
driven wood-turning lathe. It has a 
lot of things missing and items that 
need fixing. I checked my old SILICON 
CHIP magazines for an electronic speed 
regulator and could not find what I 
was looking for. 

My question is, and I provide the 
motor specification, is there a project 
in existence and published to build a 
speed regulator? If so, could you please 
assist me to make up my mind if it is 
worthwhile to make a speed regulator 
or spend monies on a new lathe? 

The specification of the motor is as 
follows: Class E, single phase 1/2 HP 
50Hz, 1440RPM, 240VAC, 3.3A. (B. 
V., via email). 

@ Your lathe is powered by an induc- 
tion motor and for that you need our 
Induction Motor Speed Controller 
which was described in the April & 
May 2012 issues (with revisions in 
the August & December 2012 issues). 
You can purchase the updated online 


articles on our website or you can order 
the relevant back issues. 

Having said that, since your lathe 
has four speeds via the pulleys on the 
belt-drive, we wonder whether you 
really need a speed controller, given 
that the lathe will only be used for 
wood turning. 


Smart Fuel 
Mixture Display 


I have a question regarding Smart 

Fuel Mixture Display (SILICON CHIP, 
March 2004). I am using the kit on a 
turbo car which is fitted with an Holley 
Pro-Jection Throttle Body injector — 
which does not have a Mass Air Flow 
sensor. Can the Lean Out Alarm func- 
tion of this kit be used with a source 
other than a Mass Air Flow sensor, for 
example Throttle Position? The Holly 
Pro-Jection does have a TPS. (G. B., 
via email). 
@ The TPS signal can be used instead 
of the MAF sensor output provided the 
voltage goes higher with increasing 
throttle openings. 


Fish caller 
wanted 


In the early sixties, I purchased an 
American magazine which featured 
a fish caller project for those who 
fished for a recreational activity so, I 
was wondering could SILICON CHIP do 
something similar? The device emit- 
ted a sound which attracted fish. (D. 
S., via email). 

@ We have considerable doubts as 
whether such devices really work but 
we will investigate. It is interesting to: 
note that you can now purchase a “Fish 
Caller” App for a smart phone. Now 
that is really stretching credibility. 
The amount of sound which could be 
transmitted from a mobile phone, to 
be heard by fish, must be close to zero. 


Ignition coil 
for Jacob’s Ladder 


I wish to build the Jacob’s Ladder 
project from the February 2013 issue. 
I live in England and while I can quite 
understand the rationale behind using 


Changing The Switching Frequency Of A\Speed|Controller 


I purchased a “High Current Mo- 
tor Speed Control for 12V & 24V 
Systems” from Jaycar. The purpose 
of the purchase was to control the 
speed ofa fan motor installed in the 
roof of my motor home. The speed 
controller functions perfectly, how- 
ever there is an irritating “squeal” 
from the motor which I understand 
is a common problem with PWM 
circuits controlling DC motors. 

One suggestion is that I increase 
the frequency of the oscillator by 
10 times from the current 2kHz to 
20kHz, to place the “squeal” outside 
of the audible range. Do you agree 
with this suggestion, and in addi- 
tion, what RC values would you 
suggest? The fan motor is a 12V DC 
unit pulling about 4.7A running offa 
battery or a switchmode power sup- 
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ply, depending on selection of power 
to the motor-home (L. C., via email). 
@ Weare not sure which controller 
you have. There was the June 1997 
12V motor speed controller, the 
March and April 2008 40A control- 
ler and the June 2011 version. The 
June 1997 and June 2011 versions 
would be more suited for the 4.7A 
current draw. The motor speed 
controller from March/April 2008, 
although suitable, is unnecessarily 
over-rated for the small fan. 

All of these controllers can be 
changed in operating frequency with 
the 2008 and 2011 versions having 
adjustments. The frequency should 
be set for the minimum noise from 
the fan motor. 

The 1997 unit can be altered 
to give a 10x higher frequency by 





changing the capacitor at pin 5 of IC1 
(TL494) from 68nF to 6.8nF. 

Similarly, for the 2011 version, 
the overall frequency range can be 
altered by changing the capacitor 
at pin 5, while VR3 adjusts the fre- 
quency over a small range. Chang- 
ing the capacitor to 10nF should 
increase the frequency sufficiently 
so it cannot be heard. 

Note that increasing the frequency 
may affect the slow-speed control. 
This is because, due to motor wind- 
ing inductance, the frequency may 
be too high to allow the motor to run 
ata sufficient speed, although it will 
jump to full speed at the controller’s 
maximum speed setting. The 2008 
version has frequency adjustment in 
the settings, with a range that is set 
by the software. 
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More)Grunt|Wanted|From)Induction|Motor/Speed Controller 


I have built the Induction Mo- 
tor Speed Control kit (purchased 
through Jaycar) and it works very 
well, except that my motor (a pool 
pump) is rated at the top end. While 
the controller is happy to run it 
all day, it has trouble starting the 
motor. About 40% of the time, the 
motor fails to start and the red fault 
LED lights. 

I suspect my success or failure 
may be dependent on supply volt- 
age as mine is perhaps on the low 
end at about 220V. I have reduced 
the acceleration ramp rate to almost 
minimum. There is a very small 
adjustment window where I have a 
greater chance of the motor starting. 
Any setting above the very low rate 
will always result in a failed start. 

So is there a way of getting an 
extra few percent out of the circuit 
(a modification)? Given that once 
running the motor is below the rat- 
ing of the kit and runs flawlessly all 
day, I have no concerns regarding 


an Aussie car coil (Commodore) in a 
SILICON CHIP project, such coils are 
hard to find over here. 

I have seen a possible substitute at 
the www.europarts.com website but I 
have no idea whether it would work. 
It looks like a 4-terminal device but 
that is no guarantee of success. If not, 
can you recommend an alternative 
cheap one? Would any 4-terminal car 
ignition coil probably work? (M. K., 
Brighton, UK). 

@ Ideally it would be best to use the 
nominated coil for the Jacob’s Ladder. 





increasing its rating slightly and 
thereby reducing the designed safety 
margin. (J. C., via email). 

@ There are ways to eke out slightly 
more power from the unit but you 
have to be careful since it involves 
reducing the safety margin in the 
protection circuitry. 

What you are probably running 
into is a peak current limitation. 
This is controlled by the value of 
the surface-mount shunt resistor 
which we specified as 15 milliohms 
(15mQ). We found that on our pro- 
totype, we couldn’t start the test 
pump under load with any higher 
value than this so its value is quite 
critical. Too low and yourun the risk 
of blowing the IGBT bridge under an 
overload condition, too high and it 
won't start the motor. 

The easiest approach would be for 
you to solder a second, higher-value 
resistor on top of your existing shunt 
(which is generally quite easy to 
do) to slightly lower the resistance. 


These can also be obtained quite cheap- 
ly on-line from the USA as the same 
V6 3.8-litre engine was used in number 
of GM cars over there. As an example, 
see www.ebay.com/itm/1999-Firebird- 
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Better still, search on a USA web- 
site for a DR39 coil. These are the 
same coil as we specified and again, 
widely used in General Motors’ cars 
with V6 engines — see www.ebay.com/ 
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Paralleling a 0.22Q SMD resistor will 
make the overall resistance about 
14mQ, giving you another 7% peak | 
current before the cut-out kicks in. 
If you use a 0.1 resistor instead, 
that reduces the resistance to 13mQ, 
for a 15% increase in peak current. 

We would be very reluctant to go 
much lower than that. Try the 0.220 
resistor first, since you want to use 
the highest resistance you can get 
away with, so that the IGBT bridge 
is still well-protected. 

You could of course simply re- 
place the resistor with a slightly 
lower value part but these will be 
harder to get and it’s extra work to 
remove the existing resistor. 

Here are some which you could 








Alternatively, some double-ended 
coils for V-twin motorbikes (eg, Harley 
Davidson) can probably be adapted. 

Third, any single output ignition 
coil (single coil, not multiple coil 
modules) can probably be adapted. 
The discharge wires should then be 
connected between the HV output and 
GND, as for a conventional ignition 
system (eg, our High Energy Ignition 
system from the November & Decem- 
ber 2012 issues). 


SILICON CHIP magazine regularly describes projects which employ a mains power supply or produce high voltage. All such 
projects should be considered dangerous or even lethal if not used safely. 


Readers are warned that high voltage wiring should be carried out according to the instructions in the articles. When 
working on these projects use extreme care to ensure that you do not accidentally come into contact with mains AC voltages 
or high voltage DC. If you are not confident about working with projects employing mains voltages or other high voltages, 


you are advised not to attempt work on them. Silicon Chip Publications Pty Ltd disclaims any liability for damages should 
anyone be killed or injured while working on a project or circuit described in any issue of SILICON CHIP magazine. 


Devices or circuits described in SILICON CHIP may be covered by patents. SILICON CHIP disclaims any liability for the in- 
fringement of such patents by the manufacturing or selling of any such equipment. SILICON CHIP also disclaims Elam 
for projects which are used in such a way as to infringe relevant government regulations and by-laws. 


Advertisers are warned that they are responsible for the content of all advertisements and that they must conform to the 
Competition & Consumer Act 2010 or as subsequently amended and to any governmental regulations which are applicable. 
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Studio Series 
headphone amplifier 


I am about to construct your Nov- 
ember 2005 Studio Series Headphone 
Amplifier from an Altronics kit. Inote 
that after the output stage is a network 
of four components: a paralleled in- 
ductor coil and 47Q resistor in series 
with the output, and a series 10Q 
resistor and 47nF capacitor in paral- 
lel with the output. I assume that this 
network is there to ensure stability of 
the amplifier? 

I was wondering how essential this 
output network is and would it be 
possible to either remove it completely 
or at least reduce the series resistor in 
value? If I did so, what kinds of risks 
would I be taking? 

The reason for my wanting to make 

these kinds of changes is to reduce the 
output impedance of the amplifier as 
much as possible. I would be using the 
amplifier with headphones of at least 
32Q impedance. I note that there is a 
circuit design on the web very similar 
to this which has no similar output 
network. (P. T., via email). 
@ We strongly recommend that you 
do not remove the output filter com- 
ponents. These are included to ensure 
that the headphone is stable with a 
wide range of loading conditions. The 
47Q resistor has no effect on the output 
impedance since it is shunted by the 
4.7uH inductor. 

To put it another way, removing 
those components would have no ef- 
fect on the headphone drive (after all, 
we do quote performance when driv- 
ing 8Q headphones) and it would make 
it prone to supersonic oscillation. 


120W solar-powered 
lighting system 

In the past, I have successfully made 
three Solar-Powered Lighting Systems 
from scratch so I think I have a good 
grasp of the fundamentals of the circuit 
if not the PIC software. 

Ihave recently embarked on a more 
ambitious solar lighting system for the 
garden using your far more powerful 
120W MPPT charger which I have also 
built successfully. Since the newer 
120W charger has no facility to control 
lights I hit on the idea of using the 
LDR light control and Mosfet switch- 
ing circuit from the smaller 5W unit. 

To this end, I designed a PCB includ- 
ing the necessary elements of the small 
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Query On Lithium-Polymer, Battery 









I note that you suggest a 22.2V 
Lithium Polymer battery pack (with 
a full-charge voltage of 25.2V) as 
a substitute for an 18V Nicad or 
NiMH drill battery pack (December 
2013 issue, page 98). Iam not sure I 
would agree with this. An 18V Nicad 
pack (usually 15 cells at a nominal 
voltage of 1.2V) should never ex- 
ceed 22.5V. A fully charged cell is 
typically 1.45V or so, so a full pack 
should be less than 21.75V. (A. L., 
Chippendale, NSW). 
@ It’s true that a typical full charge 
voltage for a Nicad or NiMH cell is 
quoted as 1.45V but it can be higher 
than this. It depends on the exact 
cell chemistry, ambient temperature, 
charge rate, how good the charger’s 
termination logic is and so on. 
While it’s far from definitive, this 
website has some useful information: 
http://robocup.mi.fu-berlin.de/buch/ 
chap6/ComparisonBattery.html 
Note the graphs of charge voltage 
versus final capacity, rate and tem- 
perature. When charged at a rate of 
1C, those particular cells reached 
about 1.55V at 20°C at 100% charge 
(1.5V at 1/10C rate) and terminated 
with an even higher voltage if the 
ambient temperature was lower. 
We have certainly measured 
NiMH cells fresh out of a fast charger 











circuit, at the same time taking care of 
the now unused PIC circuit pins by ty- 
ing them either to ground or +5V. The 
PIC16F88 software was left unaltered 
since I assumed that the solar power 
side of the charger runs from the panel 
and is virtually unpowered and there- 
fore inactive at night. 

The resulting circuit partially works 
but the LDR does not control the light 
circuit when darkened although the 
pushbutton switch turns on the light 
circuit for about one second when the 
LDR is darkened. 

I have programmed three PICs and 
they all behave the same. The micro is 
running because the 2N7000 is switch- 
ing and the parameter setting function 
works correctly. What I would like to 
know is what could be causing this 
unusual behaviour in this part of the 
circuit? 

I consider that that such a switch- 











at around 1.6V ¢ 
stay that high ’ 
tool needs to . 
That would givea. 

an output of around z-. 

The 6-cell Li-Ion/Li-Po . 
maintain its voltage at this Iv 
much longer but overall, that’s a 
better result. If you did not like the 
concept of using such a high volt- 
age for an 18V Nicad/NiMH pack 
you could fit a 5-cell Li-Po/Li-Ion 
pack which will give a much closer 
match in terms of both nominal and 
full-charge voltage. 

An example of a 5-cell Li-Po pack 
is the ZIPPY Flightmax 2450mAh 
5S1P 30C from Hobby King — see 
www.hobbyking.com/hobbyking/ 
store/_9929 ZIPPY Flightmax_ 
2450mAh_5S1P_30C.html 

This is nominally 18.5V, fully 
charged at 21V and discharged at 
around 16.5V. But we don’t think 
using a 6-cell pack is likely to cause 
any real problems unless you're re- 
ally pushing the tool hard (ie, run- 
ning it almost continuously at low 
speeds and high torques). 

There are many other simi- 
lar batteries available, as shown 
here: http:/Awww.hobbyking.com/ 
hobbyking/store/RC_PRODUCT_ 
SEARCH. asp?strSearch=5s1p 




















































ing module would be useful for other 
tasks where a very low standby circuit 
capable of switching several amps is 
necessary. The night/day and PIR/LDR 
links could be incorporated for other 
functions. I would greatly appreciate 
any help you could give because I 
feel the software may require some 
modification to achieve my purpose. 
(B. T., Churchill, Vic). 
@ Youshouldbe able to use the output 
driver section of the Solar Lighting 
Controller from May 2010 on its own 
without the solar charger section. The 
AN1, AN3 and AN4 inputs should 
be tied to OV (not 5V) and the PWM 
output should be left unconnected, not 
tied to OV or 5V. Similarly, the charge 
LED output at pin 10 should be left 
unconnected. 

You would still need to monitor the 
battery at the AN2 input so that the 
low battery switch-off will work and 
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work as a service technician on 
offee machines of various types. 
Unfortunately, we have no easy way 
of testing the outputs from the con- 
trol boards without actually fitting 
them into a machine and trying them 
out, so I wish to assemble a virtual 
machine for this purpose. 

I can use a wiring loom from a 
machine and some bezels in place 
of coils etc but I am stuck on how 
to replace the flow meters and tem- 
perature probe. The flow meters are 
made by Gicar, with a 3-pin plug on 
top (positive, negative and earth) 
and have an impeller that spins as 
the water runs through, sending a 
signal back to the control board. 

The temperature probe is a ther- 
mocouple encased in a metal tube 
which will only switch the machine 
when a certain temperature is 





reached. Also would I need a resistor 
in place of the pump/motor? 

One last thing: is it possible to 

incorporate both the Tiny Tim Stereo 
Amplifier and the Stereo Compres- 
sor from the January 2012 issue into 
one unit to listen to TV with even 
sound output? (E. E., via email). 
@ Yes, the flow metering and ther- 
mocouple could be simulated. The 
flow meter could be as simple as a 
555 timer set up as an oscillator that 
provides the same frequency output 
as a working coffee machine flow 
meter. If necessary, the 555 output 
could be fed to an NPN transistor 
for an open-collector output that 
simulates the flow meter. 

The thermocouple simulation 
would require a small voltage to 
simulate the probe output. Whether 
the voltage should be floating above 








so that the Lights will be switched on 
with sufficient battery voltage. The 
remaining pins would be used for the 
lighting circuit. The software should 
not need changing. 

Without seeing your revised circuit 
of the solar lighting controller, we are 
unable to offer any further suggestions 
as to why your modifications are not 
successful. 


SemTest Discrete Semiconductor 
Test Set, February-May 2012: the 
electrolytic capacitor shown just to 
the upper left of IC4 in the circuit 
diagram (page 73, March 2012) is 
shown with a value of 471F, whereas 
it should have the value 220uF. The 
parts list and PCB overlay are both 
correct. 

In addition, the parts list on page 
77 has two errors: there should be 
two 2.2kQ resistors listed for the 
main PCB (not one), while the two 
2.2kQ resistors listed for the display 
PCB are not required. 


CLASSIC DAC, February-May 2013: 
on the PCB layout diagram (Fig.11, 
p39, April 2013), the 1.5kQ resistor 
just to the left of CON12 (near centre) 
should be 470Q. There are also two 
parts list errors: (1) two 220nF 10V 
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Battery LifeSaver 


component substitute 


I have some comments on the Bat- 
tery Lifesaver (SILICON CHIP, Septem- 
ber 2013). The MCP6541-E/SN is no 
longer stocked by element14. If we 
substitute the MCP6541-I/SN, what 
are the implications of the reduced 
temperature range on the maximum 


electrolytic capacitors should be 
included in the list; and (2) instead 
of 14 x 100uF 16V electrolytic capac- 
itors, the list should show 12 x 100uF 
16V and 2 x 100nF 25V capacitors. 


Repacking a Cordless Drill With A 
Lithium Battery Pack, October 2013: 
the wiring diagram of Fig.1 on page 
14 shows the Battery Lifesaver incor- 
rectly wired, with the terminations 
to B- and L- swapped. The L- termi- 
nal should go to to the negative side 
of the drill motor and the B- terminal 
should have the negative battery and 
charger wires connected to it. 

This will not cause any immedi- 
ate damage but the drill current will 
pass via the substrate diode of the 
Mosfet and therefore the Battery 
LifeSaver will offer no protection to 
the Lithium battery itself. 











the OV supply or not does depend on 
the circuitry of the controller. 

Perhaps the best solution would 
be to use a cell to provide the float- 
ing power source, with the voltage 
divided down using a resistive di- 
vider. The divider should only be 
connected when the test is under 
way or the cell will be discharged. 

Note that the output voltage from 
the divider will need to be very low, 
since a K-type thermocouple only 
produces around 41uV per °C. That 
is 410nV at 100°C. 

The Tiny Tim Stereo Amplifier 
and the Stereo Compressor could be 
built into a single case if you wish. 
The PCBs may need to be stacked 
vertically with say the compressor 
mounted on the case lid and the 
amplifier on the base in order to 
save space. 





























current that the unit can handle? Al- 
ternatively, the PCB could be designed 
to use an MCP6542-E/SN and just wire 
the inputs of the second comparator to 
the supply rails as shown in the data 
sheet. Of course, the unit will then 
draw another 600nA. 

The text on page 66 states: “The 
other half of D1/D2 clamps input pin 
3 of IC1 to the 5V supply if the battery 
voltage is particularly high”. This isn’t 
quite accurate, since the common cath- 
ode of D1 & D2 connects to the input 
of REG1 rather than to its output. The 
input to REG1 could be up to 16V, al- 
lowing pin 3 of IC1 to go well beyond 
Vpp + 0.3V, potentially (according 
to the data sheet) causing damage or 
improper operation of the comparator. 

This potential problem could be 
avoided by disconnecting A1 of D1/ 
D2 from the circuit and connecting a 
single Schottky diode between the out- 
put of REG1 and pin 3 of IC1 (cathode 
to REG1 output). The remaining diode 
in D1/D2 could then also be replaced 
by a single diode. (A. P., Toowoomba 
East, Qld). 

@ We don’t think it’s critical if you 
can’t get the MCP6541-E version. It 
was specified because it barely cost 
any more than the industrial tempera- 
ture range version and we figured the 
unit is quite likely to be jammed into 
a battery compartment with little air 

continued on page 103 
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KIT ASSEMBLY & REPAIR 





KEITH RIPPON KIT ASSEMBLY & 
REPAIR: 

* Australia & New Zealand; 

* Small production runs. 

Phone Keith 0409 662 794. 
keith.rippon@ gmail.com 








VINTAGE RADIO REPAIRS: electrical 
mechanical fitter with 36 years experi- 
ence and extensive knowledge of valve 
and transistor radios. Professional and 
reliable repairs. All workmanship guar- 
anteed. $10 inspection fee plus charges 
for parts and labour as required. Labour 
fees $35 p/h. Pensioner discounts 
available on application. Contact Alan 
on 0425 122 415 or email bigal007@ 
internode.on.net 


FOR SALE 











questronix.com.au — audiovisual ex- 
perts solve home, corporate security 
and devotional installation & editing 
woes. QuestAV CYP, Kramer TVone 
(02) 4343 1970 or sales @ questronix. 
com.au 











PCB MANUFACTURE: single to multi- 
layer. Bare board tested. One-offs to 
any quantity. 48 hour service. Artwork 
design. Excellent prices. Check out our 
specials: www.ldelectronics.com.au 








PCBs & Micros: Silicon Chip Pub- 
lications can supply PCBs and pro- 


= Battery 
Master Instruments Experts 


Expert advice « P 
Technical expertise 
Qualified customised 

battery & charger solutions 





NSW (02) 9519 1200 
WA (08) 9302 5444 
VIC (03) 9872 6422 


sales@master-instruments.com.au % 
www.master-instruments.com.au 





grammed micros for all recent (and 
some not so recent) projects described 
in the magazine. Order online or phone 
(02) 9939 3295. 





SOLAR PANELS LOW COST: full 
range 5W to 250W, eg: 40W/12V Poly 
$69, 130W/12V $169, 190W/24V $165, 
200W/12V $225, 250W/24V $225, 
230W Poly $190. 

AGM Batteries: 7AH $19.50, 9AH 
$24.50, 20AH $52.50, 55AH $129, 
105AH $199, 220AH $399. 

(03) 94705851 or (03) 9478 0080 
chris @lowenergydevelopments.com.au 
www.lowenergydevelopments.com.au 
544 High St, Preston 3072, Melbourne. 











LEDs! Nichia, Cree and other brand 
name LEDs at excellent prices. LED 
drivers, including ultra-reliable linear 
driver options. Many other interesting 
and hard-to-find electronic items! 
www.ledsales.com.au 
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Full kits & spare tubes 
still available 


(For a limited time only) 
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Phone 0403 055 374; Email , 


Television Replacements 
Your one-stop shop for all your electronic 
parts from aerials to zener diodes. 
134a Ayr Street, Doncaster 3108 
03 98504144 sales@tvr.com.au 
This month’s special: 

Log periodic aerials and digital set-top 
boxes. 


Call or email for details 








PCBs MADE, ONE OR MANY. Any 
format, hobbyists welcome. Sesame 
Electronics Phone 0434 781 191. 
sesame @sesame.com.au 
www.sesame.com.au 











GET INTO HAM RADIO AND SPEAK 
TOTHE WORLD. Look at www. gscott. 
com.au for the best Australian books 
that cover the standard and the ad- 
vanced licences. 


WANTED 








SILICON CHIP pays up to $60 for Circut 
Notebook items or you could win a 
$150 gift voucher from Hare & Forbes. 
See the Circuit Notebook pages in this 
issue for details. 
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to circulate. But the dissipation of the 
Mosfet at 20A is only about 0.5W anda 
bit over 1W at 30A. The real question 
with regards to how hot the PCB will 
get is how much additional dissipation 
there will be in the PCB itself, the wir- 


siliconchip.com.au 
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ing and the solder joints etc. 

You would have to push it really 
hard to get the comparator beyond 
85°C and even then it would be un- 
likely to fail. The ‘E’ versions probably 
come off the same production line 
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as the ‘I’ versions but undergo more 
extensive testing to ensure their pa- 
rameters don’t go out of spec between 
85°C and 125°C. So there shouldn’t be 
any real problems with the circuit even 

continued on page 104 
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. . . continued from page 103 


if the parameters did get a bit worse 
than specified (higher leakage, etc). 
It may shift the cut-off point a bit but 
that would be it. 

As for the diode clamp, you are right 
but luckily it isn’t critical. The divider 
resistors limit any current that might 
flow into the comparator’s input clamp 
diode to a safe level. 


Li’l Pulser controller 


is unresponsive 

I am currently building the Li’l 
Pulser Train Tontroller kit (SILICON 
CHIP, July 2013). However, the pot 
doesn’t seem to dial the voltage up or 
down and the brake & inertia switches 
don’t work. It powers up though and 
will go into reverse and shows 12V 
on the tracks. 

Tam using a 12V switchmode power 

supply out of a PC, if that helps. I 
have cleaned all flux off and checked 
for dry joints/solder bridges/broken 
tracks and all seems good. I am just 
wondering what I should do? (A. C., 
via email). 
@ The Li’l Pulser is designed to be 
powered from a pulsating 12V DC 
rail (that means the voltage swings 
up to around 16V) or from 15-17VDC. 
Running it from 12V DC will not nec- 
essarily work successfully and the 
regulator’s output will only be 10V or 
so instead of 12V. That may well affect 
the speed setting range. 

The fact that you can select forward 
and reverse suggests that pin 5 of IC3b 
is at a low voltage. The output of IC3b, 
however, is possibly high or the Mosfet 
is switched on continuously for some 
other reason. 
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RF Modules Australia 


Low Power Wireless Connectivity Specialists 
Applications: 


x PC YW Rural 
128 Channel. Narrowband Utilities 
150.825~152.450MHz Industrial 
Data rate: 5kbps} Commercial 
Internal 1200baud Modem|_ Government 
Also: SMX1-173-5-100mW (NZ) } [eter Reading | 


RF Modules Australia. P.O. Box 1957 Launceston, TAS., 7250. 
Ph: 03-6331-6789. Email: sales@rfmodules.com.au. Web: rfmodules.com.au 



















www. iinet.net.au/~worcom | 


WORLDWIDE ELECTRONIC COMPONENTS | 
PO Box 631, Hillarys, WA 6923 

| Ph: (08) 9307 7305 Fax: (08) 9307 7309 

Email: worcom @iinet.net.au 














One possibility is that transistor 
Q6 is the wrong type and/or diode 
D7 is the wrong way around. You will 
need to check that all components are 
placed correctly and orientated as 
shown on the overlay diagram. 
Footnote: the reader subsequently 
discovered that a 470kQ resistor had 
been installed in series with VR2 & 
VR3 instead of 4702. 


Misleading power 
ratings on LED lights 


Irecently purchased four 27W LED 
floodlights from a local (Perth) eBay 
store. On testing them on a workshop 
power supply, I found they only drew 
1.25A at 12V. They were rated at 12- 
24V so I went up to 24V and the cur- 
rent dropped. The power was actually 
about 15W. 

On contacting the supplier, I had to 
teach him how to use his multimeter 
and Ohm’s Law when he tested one 
on his car battery. He agreed that they 
were not drawing 27W as advertised 
and offered a refund. I said that I 
would be happy at half the price and 
he agreed. The money was refunded 
quickly into my account. He then 
contacted his supplier and questioned 
the power rating. 

The supplier said that they were 
27W as they were fitted with nine 3W 
LEDs. My supplier left his advertise- 
ment as 27W but changed the current 
draw to 1.25A. The current regulator 
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in the light prevents the rated power 
from being achieved. These lights are 
common on eBay and I am curious to 
know if others think that selling them 
as 27W with only a 15W power draw is 
misleading. (C. C., Mosman Park, WA). 
@ A lot of products sold on the in- 
ternet have misleading descriptions. 
Short of asking for a refund or a price 
reduction, as you did, there is not 
much else that can be done since any 
overseas seller is not subject to Aus- 
tralian consumer protection laws. In 
your case, the seller is subject to Aus- 
tralian law and is legally required to 
provide a correct description. SC 
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v Use only lead-free soldering paste 
Vv Replace EasyPIC6 with EasyPIC7 

Vv Try 32-bit microcontrollers 
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10-124 

Digital Outside Micrometer 
*° 0-25mm/0-1" 

¢ Accuracy +0.002mm 

¢ Large LCD 

* Carbide measuring faces 
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(Q124) 


NIC Portable Video 

Inspection Camera - 3 Metre 

© 12.5mm camera with 1M cable 

e LED Lighting 

¢ Includes 2M ext. cable, magnetic 
pick up, mirror tool & carry case 


$14 49 


(M697) 


WCH-6D + WRC-5D 
Workshop Series Tool Chest 
& Roller Cabinet Package 
Ball bearing slides 

Protective drawer liners 

Key lockable 

WCH-6D 

* 6 drawer tool chest 

© 600 x 260 x 340mm 

WRC-5D 

¢ 5 drawer roller cabinet 

* 616 x 330 x 762mm 


$297-66- 


Specifications & Prices are subject to change without notification. All prices include GST and valid until 29-01-14 


Steel Rulers 


* Easy to read graduations 
* Metric on one side and imperial 
graduations on the reverse side 
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Digital Angle Rulers 
* 360° range 

* Stainless steel 

* Quick lock system 
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Outside Micrometer Set 

¢ Resolution: 0.01mm 

* Range: 0-75mm 

¢ Easy adjustment for recalibrating 
* Carbide a anvils 


$10! 09 
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GSP-795 
Pneumatic Round Stool 


* 675-795 seat height 

* 360mm padded | 
leather seat 

* 360° seat rotation 
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Belt & Disc Linisher Sander 


* 100 x 915mm belt 

¢ @150mm disc 

¢ Tilting table & mitre guide 
* 370W 240V motor 
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35-200 
Combination Set 

¢ 4 piece set 

¢ 300mm / 12” 

¢ Metric & imperial rule 

¢ Cast iron ground finished 


51 Piece 
Precision Jobber Drill Set - HSS 


¢ 51 piece set 

¢ 1-6mm in 0.1mm steps 

* HSS M2 precision 
ground 


499-06- 
$89 
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TiGer 2000S 
Wet Stone Grinder 


* German design & technology 

* 200mm stone & hone wheels 

© 120W, 240V motor 

¢ Includes straight edge jig, setting 
gauge & honing paste 


Note: Discount vouchers are valid for online purchases only 
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Digital Calipers 

¢ Metric, inch & fraction 
¢ 4-way measuring 

¢ Includes battery 
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EDBD-13 
Drill Sharpener 


¢ 3-13mm or 1/8”-1/2” 
¢ Diamond wheel 
¢ Split point « 80W, 240V motor 
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170 Pieces 

Jobber Drill Set - HSS 

* HSS precision ground flutes 

¢ 1.0 - 910mm 

¢ 10 drills each size up to 8mm 
then 5 per size 


SBD-25A 

Bench Drill 

¢ 20mm drill cap. 

¢ 2MT, 16 spindle 
speeds 

* Swivel & tilt table 

¢ thp, 240V motor 

¢ Includes pcniapea 
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